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Abstract 
In the United States, approximately 1,100 people die and 40,000 people are injured 
annually as a result of motor vehicle crashes in work zones. These numbers may be a result of 
interruption to regular traffic flow caused by closed traffic lanes, poor traffic management within 
work zones, general misunderstanding of problems associated with work zones, or improper 
usage of traffic control devices. In regard to safety of work zones, this study was conducted to 
identify characteristics and risk factors associated with work zone crashes in Iowa, Kansas, 
Missouri, Nebraska and Wisconsin, states currently included in the Smart Work Zone 
Deployment Initiative (SWZDI) region.  
The study was conducted in two stages. In the first stage, characteristics and contributory 
causes related to work zone crashes such as environmental conditions, vehicles, crashes, drivers, 
and roadways were analyzed for the five states for the period 2002-2006. An analysis of 
percentage-wise distributions was carried out for each variable based on different conditions. 
Results showed that most of the work zone crashes occurred under clear environmental 
conditions as during daylight, no adverse weather, etc. Multiple-vehicle crashes were more 
predominant than single-vehicle crashes in work zone crashes.  Primary driver-contributing 
factors of work zone crashes were inattentive driving, following too close for conditions, failure 
to yield right of way, driving too fast for conditions, and exceeding posted speed limits within 
work zones. A test of independency was performed to find the relation between crash severity 
and other work zone variables for the combined states. In the second stage, a statistical model 
was developed to identify risk factors associated with work zone crashes. In order to predict  
 injury severity of work zone crashes, an ordered probit model analysis was carried out 
using the Iowa work zone crash database. According to findings of the severity model, work 
zone crashes involving trucks, light duty vehicles, vehicles following too close, sideswipe 
collisions of same-direction vehicles, nondeployment of airbags, and driver age are some of the 
contributing factors towards more severe crashes.  
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CHAPTER 1 - INTRODUCTION 
1.1 Background 
Transportation in the United States is facilitated by well-developed road, air, rail, and 
marine networks. A vast majority of the population travels by automobile for shorter and 
medium distances, with some using this method for even longer distances. Passenger 
transportation is dominated by personal vehicles that include cars, pickup trucks, vans, and 
motorcycles, all of which account for 86% of passenger-miles traveled. The remaining 14% of 
travel is handled by planes, trains, and buses (1). 
This predominant usage of the road transportation system emphasizes the importance of 
proper maintenance and rehabilitation of the highway network, making it more efficient and 
safer for road users. In this regard, the departments of transportation of various states and other 
agencies must maintain the roads by proper standards and conditions. Government funding of 
transportation exists at many levels. Federal funding for highway, rail, bus, and other forms of 
transportation is allocated by Congress for several years at a time. The current act providing 
funds for highway maintenance and rehabilitation is the Safe, Accountable, Flexible, Efficient 
Transportation Equity Act a Legacy for Users (SAFETEA-LU) (2).  
As construction of most major highway networks in the United States has already been 
completed, the majority of current highway work includes maintenance and rehabilitation of 
those highways, which causes the establishment of work zones. In these work zone areas, 
disruptions to regular traffic flow are inevitable. These interruptions to regular traffic flows are 
caused by closed traffic lanes, poor traffic management within work zones, general 
misunderstanding of the problems associated with work zones, and improper usage of traffic 
control devices. In this regard, to improve safety and efficiency of traffic operations and highway 
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work, in 1999 the states of Iowa (the leading state), Kansas, Missouri, and Nebraska created the 
Midwest Smart Work Zone Deployment Initiative (MwSWZDI). Later in 2001, Wisconsin 
joined SWZDI. It is supported by the Federal Highway Administration (FHWA). Through 
SWZDI, researchers investigate better ways of controlling traffic in work zones, thereby 
improving safety and efficiency of traffic operations and highway workers. SWZDI is currently 
administered by the Iowa Department of Transportation (IDOT) through the Center for 
Transportation Research and Education (CTRE) at Iowa State University (3). 
1.2 Problem Statement 
In the United States, for the past 15 years, nearly 627,433 fatalities have occurred on 
highways, with nearly 13,643 (2.2%) of these occurring near work zones (4) as shown in Figure 
1.1. This represents a need for additional effort to be put forth in order to increase safety in work 
zones for both highway users and workers. The percentage of fatalities with respect to different 
work zone types for the same 15-year period is shown in Figure 1.2. Many studies have been 
conducted on crash characteristics at work zones. However, results are not always consistent 
with respect to different characteristics identified in each study. When it comes to work zones, 
even the smallest mistake can be unsafe.  
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Figure 1.1 Trend of Work Zone and Non-Work Zone Fatalities in the U.S. 
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Figure 1.2 Distributions of Work Zone Fatalities Based on the Type of Work Zone 
The Manual on Uniform Traffic Control Devices (MUTCD) (5) has divided the entire 
work zone area into four parts: advance warning area, transition area, activity area, and 
termination area as shown in Figure 1.3. Some research has shown the most dangerous area in a 
work zone is the activity area in terms of total number of crashes and fatalities (6). However, 
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other research has shown the advance warning and transition areas to have the highest number of 
crashes (7). 
 
Figure 1.3 Components of a Temporary Traffic Control Zone 
1.3 Purpose and Scope 
The purpose of this study is to identify characteristics and risk factors associated with 
work zone crashes occurring in the SWZDI region. Based on the availability of crash data, many 
aspects were considered such as environmental-related factors, crash-related factors, roadway-
related factors, driver-related contributing circumstances, etc. In order to identify characteristics 
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and risk factors, the crash data was obtained from respective state departments of transportation 
for the five-year period 2002-2006.  
Specific objectives of this study were – 
a) To study characteristics and contributory causes of crashes in work zones. 
b) To identify risk factors associated with work zone crashes by using statistical model 
analysis. 
1.4 Outline of the Thesis 
 The first chapter presents a general introduction to work zones and the problem 
statement of this research, followed by a brief description of the thesis organization. In the 
second chapter, findings from the literature review on work zone safety-related studies and 
statistical modeling are presented. The literature review covers work zone safety-related subjects 
such as previously identified crash characteristics in work zones, comparison of work zone and 
non-work zone crashes, statistical methods used, suggested countermeasures for particular types 
of crashes, etc. Data and methodologies used in the analysis are presented in the third chapter 
along with descriptions of data used in the study. The fourth chapter covers results from both 
preliminary and statistical analyses, and a detailed discussion is presented by relating results to 
past findings. Countermeasure ideas suggested by different authors are also presented in the 
fourth chapter. In the final chapter, summary and conclusions of the findings are presented.   
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CHAPTER 2 - LITERATURE REVIEW 
This chapter presents the literature review related to some of the work zone safety studies 
completed in the past. It is divided into four parts: work zone crash characteristics, comparison 
of work zone and non-work zone crashes, work zone countermeasures suggested by previous 
authors, and injury severity modeling methods. 
2.1 Work Zone Crash Characteristics  
          Previous research related to characteristic analysis of work zone crashes is 
discussed briefly as follows.  
Garber and Zhao (6) conducted a study on characteristics of work zone crashes in 
Virginia occurring between 1996 and 1999. The main objectives of this study were to identify 
predominant locations within work zones where crashes occurred, to determine frequent types of 
crashes and distribution of severity at each location, and to study collision type and severity 
distribution with respect to different road types. In this study, the entire work zone was divided 
into different areas such as (i) advance warning area, (ii) transition area, (iii) longitudinal buffer 
area, (iv) activity area, and (v) termination area. All work zone crash locations were identified by 
careful examination of police accident reports, which included diagrams indicating locations of 
each crash within the work zone. Results showed that 70% of work zone crashes occurred in the 
activity area, which indicates the activity area is more susceptible to crashes regardless of the 
type of highway. For all crashes studied, Property Damage Only (PDO) crashes and rear-end 
collisions was more predominant in terms of crash severity and collision type. The vast majority 
(83%) of crashes occurring in the advance warning area were rear-end crashes; hitting a fixed 
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object off the road was the second highest proportion of crashes accounting for 6% of overall 
work zone crashes. As one moves from the transition area to the work area, i.e., longitudinal 
buffer area and activity area, proportions of rear-end and sideswipe crashes decrease and 
proportions of fixed-object and angle crashes increased. Hargroves (8) also found the majority of 
the crashes occurred in the work area (combining the longitudinal buffer area and activity area), 
which was 44.7% of total work zone crashes. Nemeth and Migletz (9) concluded that 39.1% and 
16.6% of accidents occurred in the longitudinal buffer and activity areas, respectively. In another 
study by Nemeth and Rathi (10), a different set of location categories was used: advance zone, 
taper zone, crossover zone, and bi-directional zone. Most of these crashes were found to have 
occurred in crossover and bi-directional (two-lane, two-way operation) zones.  
Ha and Nemeth (11) identified the nature and seriousness of work zones and major cause 
and effect relationships between work zone crashes and traffic controls. The researchers 
analyzed crash data between 1982 and 1986 which had been extracted from accident reports at 
nine construction sites in Ohio. The analysis focused on impacts of factors such as traffic 
slowdowns, lane changing or merging, guardrails, and alcohol impairment in work zone crashes. 
The researchers concluded that work zone crashes as a percentage of all crashes showed a 
decreasing trend and were less severe than all accidents. The research also showed traffic 
backups within work zones were the one situation which resulted in most rear-end crashes, and  
trucks seemed to be the major problem in these situations. Although the number of work zone 
crashes increased at night, the percentage of nighttime work zone crashes decreased in 
proportion to all work zone crashes.  
Li and Bai (12) compared the characteristics of fatal and injury work zone crashes that 
took place in Kansas for the period 1992-2004. The collected dataset was divided into six 
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categories with each category consisting of different variables. These variable combinations were 
identified through statistical independence tests such as the Pearson Chi-Square test and the 
likelihood-ratio (LR) chi-square test. The study found that head-on collisions were the 
predominant type for fatal crashes (24%), and rear-end collisions were more predominant in 
injury crashes (46%). A large percent of fatal crashes involved trucks while a majority of injury 
crashes involved light-duty vehicles. Researchers also found that multiple-vehicle crashes and 
crashes occurring within the speed limit range of 51-60 mph were more predominant in both 
fatal and injury work zone crashes. Driver inattention was the leading cause for both fatal and 
injury work zone crashes. Results showed that 75% of fatal crashes and 66% of injury crashes 
involved male drivers, and those drivers aged 35 to 44 were involved in the highest percentage 
(24%) of fatal crashes among all age groups.  
Ullman et al. (13) analyzed the effects of night work activity on crashes in two types of 
construction projects in Texas. The first project type involved both day and night work (hybrid 
project), whereas the other project type performed work only at night. Researchers determined 
the change in crash likelihood during periods of active night work, active day work (if 
applicable), and during periods of inactive work at day and night. Their analysis found that work 
activity at hybrid projects during both daytime and nighttime resulted in more crashes than 
during periods of inactive work. At the nighttime projects, a higher percentage of rear-end 
crashes did appear to occur on nights of work activity. More crashes at night were expected 
because the night work mostly involved more lane closure than the day work. 
2.2 Comparative of Work Zone and Non-Work Zone Crashes 
Pigment and Agent (14) compared highway work zone crashes with non-work zone 
highway crashes in Kentucky. Researchers studied traffic crash data and traffic control devices at 
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20 highway work zones for the three-year period 1983 to 1986. Based on the study, they found 
that 54.1% of work zone crashes occurred in the work area where the actual work was going on. 
Results showed that 25.7% of work zone crashes involved trucks, compared to 9.6% of non-
work zone highway crashes, and also that most work zone crashes occurred on interstate routes. 
Results also showed the percentage of rear-end and same-direction, sideswipe crashes in work 
zone crashes was almost three times the percentage of the same types of crashes in non-work 
zone crashes. The greatest contributing factor for work zone crashes was vehicles following too 
close.  
Hall and Lorenz (15) identified characteristics of work zone crashes that differed from 
other crashes of comparable roadways in New Mexico. The researchers examined rural, state 
highway work zone crashes for the three-year period 1983 to1985 to compare crashes on several 
roadway sections during construction with those in previous years on the same road sections. 
Results showed the relative proportion of ran-off-road, sideswipe, and overturn crashes 
decreased by 1 to 2 % during the construction period when compared to the before-construction 
period. However, the proportion of rear-end collisions increased from 9.4% before construction 
to 13.8% during construction. In addition, the researchers concluded 1) the proportion of crashes 
caused mainly by following too close was much higher in during-work-zone periods than in 
before-work-zone periods; 2) in comparison with the identical period in the prior year, crashes in 
construction areas increased 33% on the rural interstate system; and 3) improper traffic control 
was the prevalent problem causing high crash rates in work zones. The researchers suggested 
work zone safety could be improved by devoting more effort to fields such as education of work-
zone-related personnel, preparation and modification of traffic control plans, safety inspections, 
and better crash record keeping.  
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 Multistate work zone crash characteristics for the states of Alabama, Michigan, and 
Tennessee were identified and analyzed by Chambless et al. (16). Typical work zone crash 
characteristics and the difference between work zone and non-work zone crashes were 
determined from analyzed data collected from Critical Analysis Reporting Environment (CARE) 
software. The over-presentation factor, obtained by dividing the percent of work zone crashes by 
the percent of non-work zone crashes for that characteristic, was considered in order to 
determine different crash characteristics. Results showed 63% of work zone crashes took place 
on interstates and U.S. and state highways, as compared to only 37% of non-work zone crashes. 
Misjudging stopping distance and following too closely accounted for 27% of work zone 
crashes, whereas 15% of these types of crashes took place in non-work zone areas. Crashes 
occurring at speed limits 45 and 55 mph were more predominant (48%) when compared to non- 
work zone crashes (24%), and drivers more than 25 miles from home were significantly 
overrepresented in work zone crashes. Pedestrian involvement in work zone crashes occurred at 
almost the same rate as those involved in non-work zones crashes. 
An investigation on fatal crashes in Georgia work zones was carried out by Daniel et al. 
(17) in order to identify countermeasures for improving safety conditions. The main objective of 
this study was to identify the manner of collision, location, and construction activity most 
commonly associated with fatal crashes in work zones. Further, fatal crash severity within work 
zones was compared with fatal crash severity of non-work zone areas. Data was obtained from 
the Fatality Analysis Reporting System (FARS) database for the period 1995 to1997. Findings 
showed in work zones, single-vehicle collision crashes were the predominant type with 48.6% of 
fatal crashes, compared to 56% at non-work zone locations. Passenger vehicles were highly 
involved in both types of fatal crashes, whereas involvement of trucks in work zone fatal crashes 
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(20%) were significantly higher when compared to non-work zone (13%) locations. A higher 
proportion of fatal crashes occurred on rural roadways when compared to urban roadways for 
both work zone and non-work zone locations. Primary contributing factors to fatal crashes in 
work zones were driver loosing control, failure to yield, and too fast for conditions, which 
accounted for nearly 38% of all fatal crashes within work zones. A Chi-Square test was 
performed to determine the association between fatal crashes within work zones and non-work 
zone areas. Results showed manner of collision, light conditions, truck involvement, and 
roadway functional classification of fatal crashes are dependent of the presence of an active work 
zone. 
Garber and Woo (18) conducted a study in Virginia to identify prevalent accident and 
traffic characteristics in urban work zones and to evaluate traffic control devices commonly used 
in urban work zones. During their study, the researchers collected the before-and-after work zone 
crash data from several sites in order to find and compare significant crash characteristics. 
Results showed 1) crash rates increased at a relatively higher rate at urban work zones than at 
non-work zone locations; 2) angle, rear-end, and sideswipe were predominant collision types in 
both urban work zones and non-work zones; and 3) work zone crashes were more likely to 
involve multiple vehicles than non-work zone crashes due to an increase in interaction of 
vehicles. In terms of  traffic control effectiveness, they found 1) the most effective combination 
of traffic control devices in work zones of multilane highways to be use of cones, flashing 
arrows, and flagmen; 2) use of barricades as part of any combination of control devices in urban 
multilane highway work zones seemed to reduce the overall effectiveness of the traffic control 
devices; and 3) use of flaggers was a highly effective means of traffic control in the work zones 
on urban, two-lane highways. According to their study results, the researchers suggested urban 
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work zone lengths should be limited to 0.6 of a mile since longer work zones caused many more 
crashes.  
Rouphail et al. (19) compared the crash experience at both long-term and short-term sites 
before, during, and after freeway construction or maintenance work. The data was obtained from 
the Chicago Area Expressway System (CAES) for the period 1980 to 1985. Work zone crashes 
were identified by matching locations and activity dates of a selected number of construction 
projects (three long-term and 23 short-term projects). The study found 1) at long-term work zone 
sites, the crash rate increased by an average of 88% during the existence of a work zone site 
compared to the before period, and decreased by an average of 34% in the after period; 2) for 
short-term sites, nearly the same crash rate of 0.80 crash/mile-day for construction and 
maintenance was observed; and 3) predominant work zone crash types were rear-end collisions 
and ramp-related crashes, especially when lane closures involved the two right lanes adjacent to 
entrance and exit ramps. 
2.3 Work Zone Crash Countermeasures 
 Past researchers have evaluated several countermeasure ideas in order to mitigate work 
zone crash risk severity. The following are reviews of studies which suggest suitable 
countermeasures for parameters which tend to have high work zone crash frequencies.  
Takemoto et al. (20) performed studies on how to improve the understandability of 
information displayed on road work signs and to examine measures to improve nighttime 
visibility of traffic control devices. A survey was conducted among road users on road work 
traffic safety measures and results showed the greatest dissatisfaction with the understandability 
of road work signs, followed by nighttime visibility of road signs. This study was conducted in 
two phases; the first phase investigated information road users need from road work signs and 
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the effect of sign type on driving behavior. The second phase examined Light Emitting Devices 
used at road work zone signs. The study revealed drivers must first recognize from road work 
signs that road work is being conducted ahead, which leaves them extra time to think about their 
reactions. Three display sign boards were used. Sign 1 displayed the text “LANE ENDS,” sign 2 
displayed the text “LANE ENDS” and a pictograph of merging lanes, and sign 3 displayed the 
text “MERGE 100 M AHEAD” and showed a pictograph of merging lanes. They divided the 
entire work zone into three consecutive zones: proceed with caution zone, a lane-changing zone, 
and a construction zone. The experiment was conducted on an 820 ft (250 m) test track with a 
speed of 31 mph (50 km/h), and results were analyzed to see where the driver started to change 
lanes after seeing the road work sign, minimum speed in the construction zone, and speed 
reduction in the construction zone. Night visibility of work zone road sign boards is very 
important and several experiments were conducted to come up with the best visibility. The 
experiment included signs in which an enclosed light source shone through a semi-transparent 
film, Light Emitting Diode (LED) road work signs brighter than internally illuminated road work 
signs, and revolving lights used in combination with LED road work signs. Results showed LED 
road work signs offered the best results. 
Christianson et al. (21) studied work zone safety with the use of emergency warning 
lights (EWL) for maintenance vehicles. Accidents associated with roadway work zones 
suggested that present work zone signals needed improvement. A visual-detection laboratory had 
worked on improved emergency warning lights for work zone vehicles with the objective of 
improving visibility and reducing reaction times of drivers approaching work zones. The EWL 
was literally an orange cone made up of amber-colored LEDs divided into upper and lower 
sections. The surface of the upper section consisted of LEDs mounted with uniform density and 
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the lower surface consisted of eight, equally spaced stripes, with each stripe consisting of two 
closely spaced adjacent columns of LEDs. A very high-intensity signal used on emergency 
vehicles and other maintenance vehicles presented more light to the eye of the observer and, as a 
result, the observer and especially the nearby observer needed to close their eyes to avoid being 
blinded by the excess illumination of the modern signals. The Visual Detection Laboratory 
(VDL) had come up with a better way to design a signal. It was known as a Motion-Enhanced 
Warning Signal (MEWS), which consists of four concentric rectangular bars, each with a grid of 
uniformly spaced LEDs. The bars increase in size as one moves towards the perimeter of the 
device. These lighted rectangular sequences provide a “looming” effect which alert drivers 
nearing work zones. 
Mattox et al. (22) conducted a study on the development and evaluation of a speed-
activated sign to reduce speeds in work zones. In South Carolina, work zone crashes tripled from 
the beginning of the year 2000 to the end of the year 2003, and a leading cause of vehicle crashes 
near work zones was driving too fast. Due to the increasing number of work zone crashes and 
fatalities in South Carolina, improving driver attention and reducing vehicle speeds in work 
zones had become a priority of the South Carolina Department of Transportation (SCDOT). The 
limited availability of law enforcement and inadequate funding for widespread deployment of 
expensive technologies, led transportation agencies to require more affordable technologies to 
reduce speeds near work zones. To address this need, SCDOT deployed a traffic control device 
known as a speed-activated sign near work zones. A speed-activated sign triggers a flashing 
beacon when a predetermined speed threshold is exceeded. For the purpose of evaluation of the 
speed-activated sign, three locations in each work zone were selected such that the three stations 
were positioned before, at, and after the speed-activated sign. Variability of speeds of the 
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approaching vehicles was collected using laser speed guns with radar detectors. The speed data 
was collected for two conditions: one without the speed-activated sign and one with the speed-
activated sign in place. Combined results for all locations showed the average mean speed was 
reduced by 3.29 mph and the 85% speed was reduced by 3.22 mph. Average speed reduction on 
the percentage of vehicles exceeding the speed limit by more than 3 mph was 23.42% and by 
more than 10 mph was 5.75%. It was recommended the speed-activated sign be placed in the 
advance-warning area of work zones to slow vehicles prior to entering activity areas. 
Vicki and Jonathan (23) conducted a study which examined work zone crash 
countermeasures to identify effective countermeasures used in Arizona to reduce accidents in 
work zones. The first objective of this project was to characterize the nature of work zone 
accidents in Arizona. To accomplish this, a total of 14,905 work zone accidents taking place 
between 1992 and 1996 were collected from the Accident Location Identification Surveillance 
System (ALISS) accident record database. This included accidents taking place near three 
locations: under-construction locations where through-traffic was allowed and where traffic was 
detoured within the work zones, existing temporary lane closure areas, and under-repair areas. 
These accidents were analyzed by categorizing them into two different groups: severity (number 
of fatal, injury, and property damage accidents), and conditions when accidents took place. 
Based on results obtained from the analysis, different effective countermeasures were 
recommended in order to reduce accidents in work zones. One countermeasure recommended 
was police presence in the advance warning area of work zones, which reduced speeding of 
vehicles. Another countermeasure recommended was speed limit enforcement in work zones by 
displaying license plate numbers of speeding vehicles, Changeable Message Signs (CMS), and 
radar-activated sound systems.  The researchers also recommended no reduction or a minimal 
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reduction in speed limit (a reduction of 10 mph or less), temporary pavement markings in work 
zones, sign credibility, and public education about work zones will also help to reduce crash 
rates in work zone areas.  
A study conducted by Kamyab and Brandon (24) dealt primarily with the effectiveness of 
fluorescent yellow-green background for vehicle-mounted work zone signs. Moving work zones 
have fewer traffic control devices than stationary work zones and provide no buffer space for 
vehicles that encroach on work zones on multilane roadways. To improve the safety of moving 
operations in multilane highways, the Iowa Department of Transportation (Iowa DOT) created a 
six-inch fluorescent yellow-green (FYG) background for work zone signs mounted on the back 
of work zone vehicles. This study examined the impact of the sign‟s improved visibility in 
encouraging drivers to make an early merge to the open lane prior to a lane closure. Data for this 
research was collected from four sites on US 30 to 161 and Boone, and I-35 to 118 and 101. 
Results showed a 5% reduction of right-lane traffic proportion on US 30 to 161 sites and a 2% 
reduction of right-lane traffic on I-35 to 101 sites. 
Another study report (25) dealt with use of police in work zones on highways in Virginia 
for controlling speed by positioning a staffed police car at the beginning of the work zone with 
its lights flashing and radar on. The criterion considered in determining whether to use police in 
a work zone depends on the Average Daily Traffic (ADT). Types of work zones in which police 
are used depend on the duration of the work. Current guidelines suggest the officer be stationed 
in a lane closure 500 to 1,000 feet in advance of the first work crew. The report on effectiveness 
of using police in work zones for reducing speeds and improving safety was based on survey 
results. A questionnaire survey was sent to personnel in the Virginia Department of 
Transportation (VDOT), Virginia State Police (VSP), and VMS Inc. asking respondents‟ 
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opinions about the effectiveness of using police in work zones.  Results showed 97% of the 
people responded positively. Use of police in work zones was almost unanimously felt to be 
effective in reducing speeds and improving safety with few adverse effects. Current guidelines 
regarding positioning of officers in work zones are being followed in practice as officers are 
most typically stationed at the beginning or in advance of the lane closure. 
The influence of a combination of fixed and variable message signs on the speeds of 
motorists approaching an interstate work zone was evaluated by Huebschman et al. (26). In 
Indiana, a series of interstate work zone signs were deployed with the objective of reducing the 
frequency of rear-end collisions and motorists‟ speeds approaching to and through the work 
zone. The work zone signs used were the same signs commonly used in Indiana, along with use 
of variable message signs displaying the number of traffic fines issued to date in the work zones. 
This procedure was selected because of anecdotal reports in Illinois of speed reductions when 
similar signs were deployed in the upstream flow of work zone areas. At each location, the 
research team collected speed data of approximately 300 vehicles departing from the collection 
location. This sample size was chosen in order to obtain an adequate number of observations. A 
t-test was used to determine if a significant speed reduction had occurred and to what degree. 
The study indicated that the “Construction Zone Traffic Fines” panel sign resulted in a 
statistically significant reduction, i.e., a 5 mph reduction of mean speed of motorists in the 
“heart” of the work zones where the construction activity occurred and where workers were 
present. Although this speed reduction was only found within the work zone locations, the panel 
signs could be viewed as beneficial. The study also indicated the variable message signs 
displaying the number of traffic fines issued to date in the work zone, and the updating of this 
message, did not produce a meaningful reduction in the mean speeds of motorists. 
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The Georgia Department of Transportation (GDOT) had supported research on smart 
work zones using sensors to measure traffic density and speed, and how these could affect traffic 
flow when the information was transmitted via computer to traffic advisory signs located over 
interstates as analyzed in a study conducted by Kuennen (27). Kuennen reviewed all studies 
conducted on real-time information systems and briefly summarized them. Real-time traffic 
control systems were used for construction of a major bridge along I-55 south of Springfield. 
This system consisted of 17 remotely controlled portable Dynamic Message Signs (DMS), eight 
portable traffic sensors, and four portable cameras linked to a base station server via wireless 
communication. The setup covered the work zone area as well as northbound and southbound 
approaches to it. Traffic sensors collected vehicle speed and presence data, which were 
transmitted to a central base station that generated predetermined messages through DMS based 
on the level of traffic congestion. This system led to significant cost savings by leasing it as a bid 
item. As an extension of this idea, the Washington Department of Transportation used the 
Roboflagger on projects for doing traffic control at night. The main advantage of the 
Roboflagger was that it could be used during huge downpours and dense fog situations. It 
consists of a 12 ft tall steel device with automatic arms and lights remotely operated at a safe 
distance by a human flagger behind traffic safety barriers. 
 A system for providing speed advisories to drivers entering work zones called 
Intellizones was evaluated by Alan et al. (28). Intellizones consist of a series of microwave 
detectors and portable message signs, linked together by wireless communication. The detectors 
each record speed, volume, and occupancy for 30 seconds for every traffic lane, and then the 
system computes a “decision speed” that is a volume-weighted average of speeds over all lanes 
over the previous three minutes. This decision speed was displayed in 10 mph ranges. The sign 
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was blanked when speeds were greater than 50 mph, and the sign displayed a “stopped traffic” 
warning when the speeds were less than 20 mph. The speed advisory alternated with the constant 
phrase, “Actual Speeds Ahead.” The study site selected was northbound US 41 in Green Bay, 
Wisconsin; because of its anticipated heavy volumes due to the combination of urban peak hour 
traffic and vacation traffic on Friday afternoons. The evaluation was carried out using Intellizone 
detectors and a questionnaire administered to drivers who had just passed through the work zone. 
Results showed that 60% of drivers were generally satisfied with the speed advisory signs and 
most drivers felt the signs were accurate. The signs did not cause an appreciable fraction of 
drivers to divert to alternate routes. Drivers diverting from the work zone, regardless of reason, 
reported the same amount of delay as drivers who did not divert. 
“Evaluation of Supplementary Traffic Control Measures for Freeway Work Zone 
Approaches” was studied by Kristen et al. (29). Lane closure on a four-lane high-speed facility 
during construction or maintenance activity created many potential safety problems. It required 
the driver to make behavior adjustments, such as reducing speed and/or changing lanes on 
freeways where the traffic volume was very high. Problems often occur when two or more lanes 
of traffic are closed for construction activity and drivers must be warned sufficiently in advance 
in order to travel safely through one lane. In order to improve the flow conditions approaching 
work zones, four states (Missouri, Kansas, Iowa, and Nebraska) cooperated in a pooled-fund 
study of various additional traffic control devices, called the Midwest Smart Work Zone 
Deployment Initiative (MwSWZDI). The three traffic control devices evaluated were white lane 
drop arrows, a CB wizard alert system, and orange rumble strips. The site selected for the 
research was an interstate freeway (I-70) passing through Columbia, Missouri. Vehicle speeds, 
volumes, and vehicle classifications were collected in 15-minute intervals before each of the 
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devices were in place (before cases) and again after each were installed (after cases). Results 
showed that although thickness of the rumble strips was not sufficient to provide audible and 
tactile warning, the color of the strips alone was sufficient to have a positive effect on the 85
th
 
percentile speed and mean speed. The CB wizard alert system didn‟t show statistical significant 
changes in Kansas, but drivers responded positively in Iowa. Installation and removal of these 
traffic control devices was proven to be very easy, efficient, and portable. 
 Design, performance, and validation of an Automated Work Zone Information System 
(AWIS) using monitored traffic data before and during construction was performed by Lee and 
Kim (30). AWIS was developed and employed in urban freeway construction activities. AWIS 
consisted of traffic data collecting devices to monitor traffic conditions, portable Changeable 
Message Signs (CMS) to display traffic information, and a server station where the Virtual 
Transportation Operation Center (VTOC) was run to estimate travel time in the programmed 
algorithm. The devices were connected to the server through a wireless communication service. 
The main purpose of AWIS was to communicate real-time travel information to road users 
heading into the work zone corridor so that they could decide whether to take a detour route or 
continue through the Construction Work Zone (CWZ). During the construction process on the I-
15 Devore corridor in San Bernardino County, California, travelers were able to observe traffic 
conditions even before they entered the CWZ corridor and were guided by on-site AWIS 
messages to detour to either neighboring freeways or arterial roads. The off-site AWIS messages 
on the project website gave travelers the information required to make decisions about their 
travel plans and trip patterns, including departure times, modes, and alternate routes. 
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2.4 Injury Severity Modeling  
Kockelman and Kweon (33) used ordered probit modeling to examine the risk of 
different injury levels sustained by drivers under all crash types, two-vehicle crashes, and single-
vehicle crashes. Therefore, three data sets were prepared for estimation which had been derived 
from the General Estimates System (GES). Results showed that in terms of the severity of 
injuries sustained by drivers, manner of collision, number of vehicles involved, driver gender, 
vehicle type, and driver‟s under the influence of alcohol were associated with more severe 
injuries. In manner of collision, rollover and head-on collisions were particularly contributing to 
more severe injury levels. In two-vehicle crashes, driver age, female gender, and nighttime 
driving tended to increase driver injury severity. However, pickups trucks and SUVs were 
associated with less severe injuries for their drivers and more severe injuries for occupants of the 
other vehicles involved. In case of single-vehicle crashes, pickups and SUVs were less safe than 
passenger cars. Another study conducted by Ma and Kockelman (34) investigated the 
relationship between occupant injury and a host of other factors, including traffic and weather 
conditions present at the time of crash, road design, vehicle type, and occupant characteristics by 
using ordered probit model. Results showed that speeding, following too close, female drivers, 
older persons, and those in passenger cars were more prone to increased injury severity.  
Khattak et al. (35) had applied both ordered probit and binary probit modeling 
approaches in investigating risk factors in large-truck rollovers and injury severity due to single-
vehicle crashes. In this approach, binary probit models had been used to estimate rollover 
propensity of large trucks, while ordered probit models were used to model injury severity. 
Results showed that dangerous truck driver behaviors, particularly speeding, reckless driving, 
alcohol and drug use, non-use of restraints, and traffic control violations, were the factors which 
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increased injury severities. Duncan et al. (36) also analyzed injury severity in truck-passenger 
car; rear-end collisions using ordered probit modeling. Based on their model, they concluded that 
darkness, high speeds, grades, alcohol, and being a female were factors which increased 
passenger vehicle occupant severity. 
Khattak et al. (37) also conducted a study using ordered probit modeling to isolate factors 
that contribute to more severe injuries to older drivers involved in traffic crashes. Factors related 
to vehicle, roadway, driver, crash, and environmental conditions were considered. They found 
that alcohol-related crashes and crashes involving farm vehicles were more likely to cause 
serious injuries to older drivers. Klop and Khattak et al. (38) also examined the factors 
influencing bicycle crash severity on two-lane, undivided roadways in North Carolina. Impacts 
of physical and environmental factors on the severity of injury to bicyclists were examined. 
Using the ordered probit model, the effect of a set of roadway, environmental, and crash 
variables on injury severity was explored. Roadway characteristics that increased severity were 
speed limit, straight grades, and curved grades, which again were likely related to driver- and 
cyclist-impaired braking, acceleration, and maneuverability. Environmental factors, including 
fog and unlighted darkness, increased injury severity, most likely related to their effect on driver 
reaction time and speed differentials at the point of impact. Average annual daily traffic, an 
interaction of shoulder width, and speed limit variables, and street lighting, were associated with 
decreased injury severity. 
Indike Ratnayake (39) carried out an analysis using the Kansas Accident Reporting 
System (KARS) crash data, considering all ages who met with a crash during 1999 to 2002. 
Ordered probit modeling was used to investigate critical factors contributing towards higher 
crash severity in rural/urban highway crashes. According to the author, most of the contributing 
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factors towards high severity crashes were common for both rural and urban areas. Among the 
research findings, alcohol involvement, excessive speed, driver ejection, and curved and graded 
roads were the contributory factors for high-severity crashes.  
Abdel-Aty (40) analyzed driver injury-severity levels using the ordered probit modeling 
methodology. Three different models were developed for roadway sections, signalized 
intersections, and toll plazas in central Florida. Results showed several factors common in all 
three models such as driver age, gender, seat belt use, vehicle type, point of impact, and speed 
ratio. Further results revealed that wherever a crash occurred, older drivers, male drivers, and 
those not wearing seat belts had a higher chance for severe injuries. Results from the roadway 
section model showed that crashes at curves and those in rural areas were more likely to cause 
injuries. In the signalized intersection model (41), it was found that driver violation was 
significant; and in toll plazas, vehicles equipped with electronic toll-collection devices had a 
propensity for higher injury severity.  
It is the usual practice to report crash or injury severity in three or more categories such 
as fatal, incapacitating, property damage only, etc. This makes it possible to order the severity 
level from most severe to less severe. In other words, the severity, the response variable in the 
model, could be considered as an ordinal variable. This type of variable can be modeled using 
ordered choice models. This phenomenon has been applied to model injury severity using both 
ordered probit and ordered logit models by O‟Donnell and Conner (42). In this study, they 
considered comparatively higher number of factors to model injury severity. They found that 
factors such as alcohol involvement, lack of seatbelt usage, occupant being a female, and 
excessive speed were significant towards increased injury severities. According to their 
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conclusion, both ordered probit and ordered logit methods produced similar results in modeling 
injury severity, although the magnitudes of the estimations were different.  
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CHAPTER 3 - METHODOLOGY 
3.1 Data 
For the first stage of the study, work zone crash data for the SWZDI region states were 
obtained from the respective departments of transportation. For the analysis in this study, crash 
data from years 2002 to 2006 were considered. The first part of this study focused mainly on 
identifying characteristics of work zone crashes for the SWZDI region states based on past crash 
data. Therefore, crash data were analyzed based on various aspects such as driver, crash, 
roadway, and environment-related factors. Crash files from each state were merged by matching 
the unique crash identification codes using Statistical Analysis System (SAS) software (45). 
Variables included in crash characteristics of each state were retrieved using Microsoft Excel and 
Microsoft Access. Detailed work zone crash characteristics are presented in Appendix A. 
In the second stage of the study, out of five states, only the Iowa crash data set was used 
for the statistical modeling analysis. As of 2006, only Iowa and Nebraska had work zone related 
factors included in their data sets. Other states may have revised their crash report forms after 
2006. Crash report forms used for this study are presented in Appendix B. In these two states, the 
Iowa crash data set had more complete details related to work zone crashes when compared to 
the Nebraska data.  In addition, each individual injury severity resulting from a crash had been 
categorized into five levels: fatal, incapacitating, non-incapacitating, possible, and property 
damage only (no injury). Severity of a crash was identified based on the highest injury severity 
sustained by an involved person due to the crash. For example, if there was at least one fatality 
resulting from a crash, it was defined as a fatal crash; and if the highest level of injury was an 
incapacitating injury, then it was defined as an incapacitating injury, and so on. For the ordered 
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probit analysis, some data lines were deleted where data were missing in at least one variable. 
After doing that, about 3,764 work zone crashes remained for analysis. 
3.1.2 Data Limitations 
As data for this project came from five different states, considerable complications were 
encountered while comparing or combining similar parameters among the five states in the first 
part of the study.  Characteristics considered from the data sets were not always described 
elaborately creating difficulty in understanding their precise definitions. Sample crash report 
forms of all five states used in this study are presented in Appendix B. Lack of exposure-related 
factors in the data sets, such as the number of vehicles passing through the work zones during 
daytime and nighttime, length and duration of work zone, status of the work whether active or 
inactive at the time of crash, etc. limited the study in terms of analyzing the work zone crashes 
more precisely. 
3.2 Data Analysis 
3.2.1 Test of Independence 
This method tests the relation between two variables using Chi-Square distribution (43). 
Hypotheses for this test of independence are as follows: 
 Ho: The two variables are “independent” of each other; and 
 Ha: The two variables are “dependent” on each other 
where Ho is the null hypothesis and Ha is the alternative hypothesis.  
Let us consider an example of light conditions vs accident severity. The observed 
frequencies are shown in Table 3.1.  
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Table 3.1 Observed values for light conditions vs crash severity 
Light Condition 
Crash Severity 
Total 
Fatal Injury PDO 
Daylight n11=175 n12 = 8,787 n13 = 24,179 n1+= 33,141 
Poor Visible 
Conditions 
n21=121 n22 = 3,168 n23 = 7,574 n2+ = 10,863 
Total n+1=296 n+2 =11,955 n+3 = 1,753 n = 44,004 
 
Expected values are calculated based on the assumption the null hypothesis is true.   
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The expected frequency for the n11 can be calculated as follows: 
                                  n11
   
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The expected values for the Table 3.1 values are presented in Table 3.2. 
 
Table 3.2 Expected values for light conditions vs crash severity 
Light Condition Fatal Injury PDO Total 
Daylight  222.9 9,003.7 23,914.3 33,141 
Poor Visible 
Conditions 
73.1 2,951.3 7,838.7 10,863 
Total 296 11955 31753 44,004 
 
The Chi-Square value is calculated using the following formula: 
                 
 
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FrequencyExpected
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χ                                    (3.3) 
Once the chi-square value is calculated for the data, it can be compared with the tabular 
values with a desired degree of freedom and user-defined confidence levels. The degree of 
freedom can be obtained by multiplying (Number of rows-1)* (Number of columns -1) (43).  
For the example shown in Table 3.2, the value of the test statistic is χ2= 74.7. At 95% 
confidence level, the value shown in the table for two degrees of freedom is 5.991. Since the 
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calculated χ2 > the table value, the null hypothesis is rejected and it can be concluded that crash 
severity and light conditions are dependent of each other. The test of independence was carried 
out for all other variables considered in this study with crash severity and the results are 
presented in Table 4.1. 
3.2.2 Ordered Probit Modeling 
The ordered probit model has the ability to recognize the indexed nature of various 
response variables (33). A variable can be considered as ordinal when its categories can be 
ranked from low to high, where the distance between adjacent categories is unknown (44). Injury 
severity in motor vehicle crashes can also be ordered as fatal injury, disabling or incapacitating 
injury, non-incapacitating injury, possible injury, or no injury ranging from the highest severity 
level to the lowest according to the severity of injuries caused to occupants. According to Long 
(44), simply because the values of a variable can be ordered, does not imply the variable should 
be analyzed as ordinal. But in this study, the response variable, injury severity, can be analyzed 
as ordinal because, in reality, when a crash occurs, injury severity of that crash can be ordered 
from lowest severity to highest severity level as mentioned in the above statement. Further, Long 
(44) has discussed the applicability of ordered logit and probit models in detail in his publication. 
The ordered probit model can be derived from a measurement model in which a latent 
variable y* ranging from -∞ to ∞ is mapped to an observed ordinal variable y, injury severity in 
this case. The latent variable y* is continuous, unobservable, and used to derive the measurement 
model as follows:  
                 Jtomforyifmyi mm 1*1                                          (3.4)          
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The τ‟s are called thresholds or cutoff points. The extreme categories 1 and J are defined 
by open-ended intervals with τ0 = -∞ and τJ = ∞. The observed y is related to y*, according to the 
measurement model: 

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The structural form for the ordered probit model with binary response can be considered 
as 
iii xy  
*                                                                                                               (3.6)  
xi is a row vector with a 1 in the first column for the intercept and the i
th
 observation for 
xk in column k+1. β is a column vector of structural coefficients with the first elements being the 
intercept β0, and εi is the error term.  
In order to estimate the regression of y* on x as in binary regression modeling, the 
maximum likelihood (ML) estimation can be used with an assumption. In ordered probit 
modeling, the error term εi is assumed to be distributed normally with a mean of 0 and variance 
of 1, and the respective probability density function (pdf) and cumulative distribution function 
(cdf) are as follows:  
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Once the distribution of the error is specified, the probabilities of observing values of y 
given x can be computed. For example, if the injury severity of a crash whose victim of a motor 
vehicle crash is fatal, the y value is 5 and y* falls between τ4 and τ5 = ∞. Accordingly, the 
probability formula will be 
   iiii xyxy 1*0Pr5Pr                                                                              (3.9) 
By substituting equations 3.6 and 3.8, the expression becomes 
      iiii xxxy  455Pr                                                               (3.10)  
By generalizing the equation to compute the probability of any observed outcome y = m 
given x, it becomes 
      imimii xxxmy  1Pr                                                   (3.11)  
Let β be the vector with parameters from the structural model, with the intercept βo in the 
first row, and let τ be the vector containing the threshold parameters. Either βo or τ1 is 
constrained to 0 to identify the model. In this analysis, the SAS version of 9.1 was used, which 
considered the τ1 value as equal to 0.  
      imimii xxxmy  1,,Pr                                         (3.12)  
If the observations are independent, the likelihood equation is 
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By combining equations 3.12 and 3.13, 
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Π yi=j indicates multiplying in each case where y is observed to equal j. Using logs, the 
log likelihood is 
      
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1ln,,ln                                       (3.15)  
Using numerical methods, the equation can be maximized to find τ‟s and β‟s. The 
marginal effect from x factors can be considered by computing the partial changes in the 
equation in order to interpret the regression model. By taking the partial derivative with respect 
to xk in equation 3.12, the result becomes 
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The partial change or marginal effect is the slope of the curve relating xk to Pr(y=m|x), 
holding all other variables constant, and is usually computed at the mean values of all variables. 
According to the ordered regression model equation, explanatory variables are linearly 
related to the response variables and thus have an increasing effect on injury severity if the 
variable estimate has a positive value and vice versa for variable estimates with negative values. 
Model output under selected categories is as follows.  
3.2.2.1 Goodness of Fit Measure  
In linear regression models, the goodness of fit is usually measured by the R
2
 value, 
whereas there is no such straightforward measure to evaluate model fitness of ordered probit 
models. McFadden (1974) suggested using a Likelihood Ratio Index (LRI) analogous to the R
2
 
in the linear regression model. 
  0
2 ln/ln1 LLR M                                                                  (3.17) 
where 
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 L = the value of the maximum likelihood function, and  
Lo = likelihood function when regression coefficients, except for the intercept term, are 
zero. 
The R
2
M value is bounded by zero and one, where one denotes perfect fit of the model. 
Another goodness of fit measure used is the Akaike Information Criterion (AIC) which is 
calculated as follows 
                     AIC= -2 ln(L) + 2(K)                                                                        (3.18) 
where 
     ln(L) = log likelihood value for the model, and 
     = Number of parameters estimated. 
The lower AIC value is the better value, which denotes the perfect fit of the model. 
Similarly, a few other values are given in the SAS output such as Estrella, Adjusted Estrella, 
Veall-Zimmermann, and McKelvey-Zovoina, which can also be considered in evaluating 
goodness of fit of a model.   
In regression modeling, significance of individual parameters towards the model is 
important and overall goodness of fit also plays a vital role in that aspect. In SAS (45), a PROC 
QLIM procedure was used, and in the output for an ordered probit model, a number of goodness 
of fit measurements was given because unlike other regression modeling, there is no such single 
value which can determine the model fitness consistently. As a result, various values given in 
terms of probabilities were considered when selecting models, and out of that, McFadden‟s LRI 
was considered in this study. Similarly, the AIC and Estrella values are also desirable in discrete 
choice modeling.  
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Complications encountered while merging the five-year crash data sets and different 
statistical methods used to identify the risk factors associated with work zone crashes were 
presented in the next results and discussion chapter of this thesis.  
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CHAPTER 4 - RESULTS 
Details of work zone crashes of each state included in the SWZDI were obtained from 
respective state departments of transportations such as Iowa Department of Transportation 
(IDOT), Kansas Department of Transportation (KDOT), Missouri Department of Transportation 
(MoDOT), Wisconsin Department of Transportation (WisDOT), and Nebraska Department of 
Roads (NDOR). Detailed crash characteristics of each state are presented in Appendix A. As data 
for this project came from five different states, considerable complications were encountered 
while comparing or combining similar parameters among the five states. Characteristics 
considered from the data sets were not always described elaborately and there was difficulty in 
understanding their precise definitions. Crash report forms of all five states are presented in 
Appendix B. The data shown only represents the percentages and frequencies of the work zone 
crashes; it does not show any relation with the respective exposure data. Data obtained was 
retrieved using accident sample forms of five states, which are presented in Appendix B. 
Summary statistics of total work zone crashes in the SWZDI region states by severity are 
presented in Table 4.1, and the non-work-zone crashes are presented in Table 4.2. 
Table 4.1 Work zone crash severity for Iowa, Kansas, Missouri, Wisconsin, and         
Nebraska for the combined 5-yr period from 2002-2006 
Crash 
Severity/ 
State 
Iowa Kansas Missouri Nebraska Wisconsin Total 
No.  
(%) 
No.  
(%) 
No.  
(%) 
No.  
(%) 
No.  
(%) 
No.  
(%) 
Fatal 
28  
(0.6) 
69  
(0.8) 
113  
(0.6) 
41  
(1.4) 
59  
(0.7) 
310  
(0.7) 
Injury 
1,472  
(34) 
2,092  
(23.3) 
7,281  
(37.4) 
1,184  
(41) 
3,059  
(33.8) 
15,088  
(33.8) 
PDO 
2,832 
(65.4) 
6,803  
(75.9) 
12,056  
(62) 
1,662  
(57.6) 
5,927  
(65.5) 
29,280  
(65.5) 
Total 
4,332  
(100) 
8,964  
(100) 
19,450  
(100) 
2,887  
(100) 
9,045  
(100) 
44,678  
(100) 
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Table 4.2 Non-work zone crash severity for Iowa, Kansas, Missouri, Wisconsin, and 
Nebraska for the combined 5-yr period from 2002-2006 
Crash 
Severity/ 
State 
Iowa Kansas Missouri Nebraska Wisconsin Total 
No.  
(%) 
No.  
(%) 
No.  
(%) 
No.  
(%) 
No.  
(%)  
No.  
(%) 
Fatal 
1,865 
(0.6) 
2,001  
(0.6) 
3,905  
(0.9) 
1,181  
(0.6) 
3,485  
(0.6) 
12,437  
(0.7) 
Injury 
85,725 
(29.8) 
82,048  
(23.3) 
121,822 
(27.9) 
69,345  
(35.4) 
187,250 
(30.1) 
546,190 
(28.8) 
PDO 
199,835 
(69.5) 
268,488 
(76.2) 
310,784 
(71.2) 
125,173  
(64) 
431,842 
(69.4) 
1,336,122 
(70.5) 
Total 
287,425 
(100) 
352,537 
(100) 
436,511 
(100) 
195,699 
(100) 
622,577 
(100) 
1,894,749 
(100) 
 
In the SWZDI region, nearly 44,678 crashes occurred in work zones during the combined 
five-year period from 2002 to 2006 whereas, 1,894,749 crashes took place in non-work zones. 
As a percentage, work zone crashes represented 2.30% of all crashes. When compared to total 
crashes, it is small number, but they might be more avoidable than other types of crashes. These 
crashes indicate a necessity to identify effective countermeasures for improving safety in work 
zones.   
4.1 Work Zone Crash Characteristics for Iowa  
As Iowa was one of the two states that had separate work zone crash data sets, the work 
zone crash characteristics for Iowa for the period 2002-2006 were analyzed and are presented in 
Figures 4.1 to 4.18. Detailed work zone crash characteristics for Iowa are presented in Appendix 
A.1. All results presented here do not consider the exposure data such as number of vehicles 
passing through the work zones, Average Daily Traffic (ADT), etc. The data was divided into 
different categories such as environmental-related factors, vehicle-related factors, driver-related 
contributory factors, crash-related factors, road characteristics, and other contributing factors 
which prevail or contribute to crashes in work zones. 
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4.1.1 Environmental Related Crashes 
Work zone crashes based on different light conditions in Iowa are shown in Figure 4.1. 
Analysis of work zone crashes showed that most of them (79%) occurred during daylight 
conditions. Higher traffic volumes and more active work zones during this time might be reasons 
for this high percentage. 
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Figure 4.1 Work Zone Crashes Based on Different Light Conditions – Iowa 
Work zone crashes based on different weather conditions are shown in Figure 4.2. 
Weather conditions at the time of work zone crashes showed a major proportion of crashes 
(58.4%) occurred under clear weather conditions. A minor proportion (18.2%) of work zone 
crashes occurred under partly cloudy conditions. Detailed weather-related characteristics of Iowa 
are presented in Appendix A.1. 
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Figure 4.2 Work Zone Crashes Based on Different Weather Conditions – Iowa 
 
Work zone crashes based on road surface conditions in Iowa are shown in Figure 4.3. 
Results showed the highest percentage of work zone crashes occurred during dry pavement 
conditions (82.2%). This could be due to major maintenance and rehabilitation work usually 
being done during clear environmental conditions. 
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Figure 4.3 Work Zone Crashes Based on Road Surface Conditions – Iowa 
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4.1.2 Crash Related Factors 
Work zone crashes based on level of crash severity are shown in Figure 4.4. When 
considering crash severity at work zones, most of the crashes were Property Damage Only 
(PDO) type and only a few fatal crashes (0.7%) occurred during this time period.  
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Figure 4.4 Work Zone Crashes Based on Level of Crash Severity – Iowa 
 
Collisions with other motor vehicles were broken down into different types such as head-
on collision, rear-end collision, sideswipe collision, etc. Work zone crashes based on collision 
type are shown in Figure 4.5. Results showed the most common type of collision with other 
motor vehicles was rear-end collisions (48.7%), which were followed by same-direction 
sideswipe collisions (14.6%).  Level of crash severity also depends on the type of crash class.  
Work zone crashes based on crash class are shown in Figure 4.6. Results showed most work 
zone crashes (74.2%) involved collision of the vehicle with another vehicle, which was followed 
by collision with a fixed object. 
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Figure 4.5 Work Zone Crashes Based on Manner of Collision of Vehicles – Iowa 
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Figure 4.6 Work Zone Crashes Based on Crash Class – Iowa 
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4.1.3 Road Condition Related Factors 
Having posted speed limits in work zone areas was also an important parameter in terms 
of safety. Posting of speed limits is done for the safety of road users. It only takes a few more 
minutes to travel at reduced speed limits in work zones which, when ignored, could lead to 
dangerous situations. Work zone crashes based on posted speed limits at the location of the 
crashes are shown in Figure 4.7.  Results showed that a majority of the crashes occurred under 
the posted speed limit range of 51 – 60 mph. It was not possible for these values to be 
normalized with respect to the percentage of work zones with these speed limit ranges. 
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Figure 4.7 Work Zone Crashes Based on Posted Speed Limit – Iowa 
 
Type of traffic controls used in work zones was an important parameter with respect to 
work zone crashes. Work zone crashes based on type of traffic control present at the time of a 
crash are shown in Figure 4.8. Results showed a majority of the crashes (48%) occurred when 
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there were no traffic controls in work zone areas. A predominant percentage (22.6%) of work 
zone crashes occurred when work zone signs were present than when compared to other traffic 
control conditions.  
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Figure 4.8 Work Zone Crashes Based on Type of Traffic Control – Iowa 
4.1.3 Location and Type of Work Zone Related Factors 
One of the most important aspects of the analysis of characteristics in work zone crashes 
was concerned with location of the accident within the work zone components shown in Figure 
1.3. Work zone crash characteristics within the work zone area are shown in Figure 4.9. Results 
showed that a majority of the crashes occurred on the roadway within the work area. The area 
immediately before the work area, which is called the transition area where the lane shift of 
vehicles takes place, is the area where the next highest percentage of crashes took place. This 
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could be due to factors like driver curiosity or confusion about the work area, leading to 
distraction.   
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Figure 4.9 Location of Crashes Within Work Zone Component Areas – Iowa 
 
Work zone crashes based on type of work zone are shown in Figure 4.10.  The three 
types of major work zones are shown in Figure 1.2. The following work zone types are a subset 
of those major work zone categories. Results showed that most crashes occurred in lane-closure 
type of work zones when compared to shoulder work zones and lane-shift work zones. Other 
types of work zones which were not specifically described in the accident reports also 
contributed for almost 20% of the crashes. 
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Figure 4.10 Work Zone Crashes Based on Type of Work Zone – Iowa 
 
At the time of crashes, nearly 36% of workers were involved in the work zones as shown 
in Figure 4.11. Noninvolvement of workers indicates the crash might have happened at a time 
when work zones were idle or not active. 
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Figure 4.11  Worker Involvement at the Time of Crash – Iowa 
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4.1.4 Vehicle Related Factors 
For a given crash, there could be more than one contributing factor. Hence, each vehicle 
in a crash might have more than one maneuvering profile before the crash; therefore, the cases in 
this category are more than the total number of crashes. Types of vehicle maneuvers at the time 
of work zone crashes are shown in Figure 4.12. Results showed most of the vehicles were going 
straight and following the road (54.6%) at the time of crashes. A predominant percentage of 
crashes (17.9%) occurred when the vehicles were stopped or when they were slowing down due 
to the traffic, when compared to the crashes that occurred when the vehicles were making left or 
right turns. 
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Figure 4.12 Work Zone Crashes Based on Vehicle Maneuvering before Crashes – Iowa 
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Work zone crashes based on number of vehicles involved in crashes are shown in Figure 
4.13. Results showed crashes involving two vehicles were more predominant than single-vehicle 
crashes and crashes involving three or more vehicles. 
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Figure 4.13 Work Zone Crashes Based on Number of Vehicles Involved – Iowa 
 
Large trucks are involved in fewer crashes within work zones when compared to 
passenger cars, but their involvement rate in fatal accidents is almost twice that of passenger 
cars. Work zone crashes based on type of vehicle involved in a crash are shown in Figure 4.14. 
Although the results are not possible to be normalized, they showed a majority of work zone 
crashes (53.47%) involved passenger cars. Nearly 10% of work zone crashes involved trucks – 
either a single unit or combination truck. 
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Figure 4.14 Work Zone Crashes Based on Type of Vehicle Involved In Crash – Iowa 
4.1.5 Driver Related Contributing Factors 
The driver plays a key role in work zone crashes. Work zone crashes based on ages of 
drivers involved in crashes are shown in Figure 4.15. Different age categories were defined for 
the analysis as follows. Age greater than or equal to 65 years was considered as older population, 
and age between 64 to 25 years was considered as middle aged. Age below 25 years was 
considered as younger population, but in the case of younger drivers, age below 15 years was not 
considered in the data set since these drivers not in a position to have a valid driver‟s license and 
therefore their behavior could be different from other young drivers. Analysis of work zone 
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crashes based on driver‟s age showed that young drivers were more involved in work zone 
crashes when compared to middle-aged and older drivers. 
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Figure 4.15 Work Zone Crashes Based on Ages of Drivers Involved – Iowa 
 
Similarly, work zone crashes based on driver gender are shown in Figure 4.16. Results 
showed that female drivers were less likely to be involved in work zone crashes compared to 
male drivers. 
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Figure 4.16 Work Zone Crashes Based on Gender of Drivers Involved – Iowa 
 
Work zone crashes based on driver-contributing factors are shown in Figure 4.17. For a 
given crash, there could be more than one contributing factor and, as a result, the summation of 
contributing factors was greater than the actual number of crashes occurred. Results showed that 
most work zone crashes involved drivers driving with no improper driving. Major contributing 
improper driving actions include following too close, losing control, failing to yield right of way, 
running traffic signals, and driving too fast for conditions.  
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Figure 4.17 Work Zone Crashes Based on Driver-Contributing Factors – Iowa 
 
Work zone crashes based on alcohol involvement of the driver are shown in Figure 4.18. 
Results showed that 21% of work zone crashes were involved by drunken drivers.  
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Figure 4.18 Work Zone Crashes Based on Alcohol Involvement of Driver – Iowa 
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4.2 Combined Work Zone Crash Characteristics for Five States 
This section discusses the combined work zone crash characteristics for the five states, 
Iowa, Kansas, Missouri, Nebraska, and Wisconsin, for the period 2002-2006, examining all 
common variables for all five states. Detailed work zone crash characteristics of all five states 
are presented in Appendix A. A total of 44,004 crashes were selected for analysis out of 44,678 
from the database. The remaining crashes were excluded due to incompleteness of information. 
Crashes occurring under different environmental conditions such as light conditions, 
weather conditions, and road surface conditions were analyzed to identify characteristics of work 
zone crashes as shown in Table 4.3. Based on the total, a majority of crashes occurred during 
daylight conditions (75.3%) with no adverse weather conditions (68.9%) and on a dry road 
surface (84.2%). Detailed weather-related crash characteristics for all the five states are 
presented in Appendix A. The high frequency of work zone crashes in Missouri does not show 
lack of proper action being taken at the work zone areas. Similarly, the lower frequency of 
crashes in Nebraska does not necessarily imply that this state provides the most safe work zone 
conditions compared to other four states. As these frequencies are not compared to a common 
base value, such comparison of these parameters between states does not signify valid results. 
Possibly there could be exposure-related factors such as number of vehicles passing through the 
work zones, length and duration of work zone, active and inactive times of work zones, etc., 
which may explain the situation more clearly. Lack of these details in the data sets limited the 
study from not considering the exposure data. However, more significant results were obtained 
by combining the five state‟s data in all categories for the same five-year period. 
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Table 4.3 Environmental-Related Work Zone Crash Characteristics for the Combined 
States 
Description 
Iowa  Kansas Missouri Nebraska Wisconsin Total 
No. % No. % No. % No. % No. % No. % 
Light 
Condition                         
Daylight  2,915 79.0% 6,617 73.1% 14,792 76.5% 2,064 71.7% 6,753 74.7% 33,141 75.3% 
Dawn or Dusk 99 2.7% 331 3.7% 0 0.0% 123 4.3% 268 3.0% 821 1.9% 
Lighted  380 10.3% 1,062 11.7% 2,163 11.2% 339 11.8% 1,157 12.8% 5,101 11.6% 
Dark 273 7.4% 1,010 11.2% 2,105 10.9% 327 11.4% 824 9.1% 4,539 10.3% 
Unknown 22 0.6% 32 0.4% 280 1.4% 25 0.9% 43 0.5% 402 0.9% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Weather 
Condition             
Clear 2,154 58.4% 7,986 88.2% 12,996 67.2% 2,058 71.5% 5,133 56.7% 30,327 68.9% 
Cloudy 1,124 30.5% 0 0.0% 4,356 22.5% 531 18.5% 2,894 32.0% 8,905 20.2% 
Rain 308 8.3% 762 8.4% 1,055 5.5% 119 4.1% 722 8.0% 2,966 6.7% 
Snow 26 0.7% 115 1.3% 139 0.7% 73 2.5% 144 1.6% 497 1.1% 
Winds 22 0.6% 77 0.9% 0 0.0% 19 0.7% 21 0.2% 139 0.3% 
Unknown/Other 55 1.5% 112 1.2% 794 4.1% 78 2.7% 131 1.4% 1,170 2.7% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Surface 
Condition             
Dry 3,034 82.2% 7,762 85.7% 16,514 85.4% 2,346 81.5% 7,397 81.8% 37,053 84.2% 
Wet 419 11.4% 985 10.9% 2,417 12.5% 299 10.4% 1,106 12.2% 5,226 11.9% 
Ice 17 0.5% 132 1.5% 83 0.4% 94 3.3% 49 0.5% 375 0.9% 
Snow 37 1.0% 76 0.8% 143 0.7% 83 2.9% 144 1.6% 483 1.1% 
Unknown/Other 182 4.9% 97 1.1% 183 0.9% 56 1.9% 349 3.9% 867 2.0% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
 
Crash-related work zone characteristics are shown in Table 4.4. Crash statistics showed a 
majority of the work zones crashes in the five states are PDO crashes. However, nearly 296 
persons died in work zones for the five-year period studied and 27.2% of the total work zone 
crashes led to injury crashes. Collision with other moving vehicles is one of the most 
predominant with 73.3% of total work zone crashes. Out of the collisions with another vehicle, 
rear-end collision (42.7%) was the most frequent type of crash in work zones followed by angle 
(14.4%) collision. This might be due to reduced traffic lanes creating more congestion in work 
zones, which tends to increase interaction between the vehicles possibly leading to rear-end 
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collisions. Results showed that drunken drivers were involved in nearly one-fourth (21.3%) of 
the work zone crashes, which might tend to increase crash severity. Detailed crash characteristics 
of each state are presented in Appendix A. 
Table 4.4 Crash-Related Work Zone Characteristics of the Combined States 
Description 
Iowa  Kansas Missouri Nebraska Wisconsin Total 
No. % No. % No. % No. % No. % No. % 
Crash Severity                         
Fatal 26 0.7% 70 0.8% 100 0.5% 41 1.4% 59 0.7% 296 0.7% 
Injury 1,259 34.1% 2,112 23.3% 4,342 22.5% 1,183 41.1% 3,059 33.8% 11,955 27.2% 
PDO 2,404 65.2% 6,870 75.9% 14,898 77.0% 1,654 57.5% 5,927 65.5% 31,753 72.2% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Crash Class                         
Overturn 90 2.4% 269 3.0% 273 1.4% 187 6.5% 196 2.2% 1,015 2.3% 
Parked Motor 
Vehicle 
102 2.8% 255 2.8% 529 2.7% 29 1.0% 184 2.0% 1,099 2.5% 
Animal 14 0.4% 528 5.8% 112 0.6% 111 3.9% 33 0.4% 798 1.8% 
Vehicle in 
Transit 
2,738 74.2% 6,359 70.2% 14,676 75.9% 2,079 72.2% 6,422 71.0% 32,274 73.3% 
Fixed Object 319 8.6% 1,124 12.4% 2,558 13.2% 260 9.0% 1,248 13.8% 5,509 12.5% 
Other 426 11.5% 517 5.7% 1,192 6.2% 212 7.4% 962 10.6% 3,309 7.5% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Collision 
Manner 
                        
Head On 48 1.3% 87 1.0% 185 1.0% 14 0.5% 126 1.4% 460 1.0% 
Rear End  1,796 48.7% 3,741 41.3% 8,571 44.3% 1,145 39.8% 3,547 39.2% 18,800 42.7% 
Angle 145 3.9% 1,481 16.4% 2,693 13.9% 380 13.2% 1,652 18.3% 6,351 14.4% 
Sideswipe 589 16.0% 824 9.1% 2,966 15.3% 353 12.3% 1,227 13.6% 5,959 13.5% 
No Collision  714 19.4% 75 0.8% 4,100 21.2% 798 27.7% 2,405 26.6% 8,092 18.4% 
Unknown/Other 397 10.8% 2,844 31.4% 825 4.3% 188 6.5% 88 1.0% 4,342 9.9% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Alcohol 
Involvement 
                        
No 2,893 78.4% 8,668 95.8% 18,245 94.3% 2,739 95.2% 8,480 93.8% 41,025 78.4% 
Yes  785 21.3% 384 4.2% 631 3.3% 139 4.8% 565 6.2% 2,504 21.3% 
Unknown 11 0.3% 0 0.0% 464 2.4% 0 0.0% 0 0.0% 475 0.3% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
 
It is very important to analyze the area within a work zone, and type of work zone, where 
most of the crashes occurred. As only the Iowa and Nebraska data sets had these work zone-
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related details, the analyzed characteristics of these variables for the given two states are shown 
in Table 4.5. Results showed that in these two states, the majority of the crashes occurred in a 
lane-closure (37%) type of work zone. In terms of location within work zone areas, the highest 
proportion (47.6) of crashes occurred in the activity area supporting (6, 8, 9, 10) where the actual 
work was done. 
Table 4.5 Location and Type of Work Zone Characteristics for the Combined States 
Description 
Iowa  Nebraska Total 
No. % No. % No. % 
Within Work Zone 
Area             
Advance Warning 
Area 
251 6.8% 112 3.9% 363 5.5% 
Between Advance 
Warning Sign and 
Work Area 
563 15.3% 418 14.5% 981 14.9% 
Transition Area 627 17.0% 513 17.8% 1,140 17.4% 
Activity Area 1,486 40.3% 1,642 57.1% 3,128 47.6% 
Termination Area 109 3.0% 175 6.1% 284 4.3% 
Unknown or Other 653 17.7% 18 0.6% 671 10.2% 
Total 3,689 100% 2,878 100% 6,567 100% 
Work Zone Type            
Lane Closure 1,567 42.5% 862 30.0% 2,429 37.0% 
Lane 
Shift/Crossover/Head-
to-Head Traffic 
442 12.0% 540 18.8% 982 15.0% 
Work on Shoulder or 
Median 
554 15.0% 630 21.9% 1,184 18.0% 
Intermittent or 
Moving Work 
185 5.0% 384 13.3% 569 8.7% 
Other Type of Work 
Zone 
739 20.0% 439 15.3% 1,178 17.9% 
Unknown 202 5.5% 23 0.8% 225 3.4% 
Total 3,689 100% 2878 100% 6,567 100% 
 
Speed limits are meant for the safety of road users. Work zone crash characteristics based 
on road-related factors are shown in Table 4.6. Generally, work zone areas tend to have speed 
limits lower than normal posted speed limits based on type of work, and results showed most of 
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the work zone crashes involved lack of maintenance of work zone-posted speed limits. The 
highest proportion of work zone crashes (26.1%) occurred where speed limits were 51-60 mph   
followed by 31- 40 mph. 
Table 4.6 Road-Related Characteristics for the Combined States 
Description 
Iowa  Kansas Missouri Nebraska Wisconsin Total 
No. % No. % No. % No. % No. % No. % 
Speed 
Limit                          
0 - 20 mph 57 1.5% 245 2.7% 348 1.8% 256 8.9% 179 2.0% 1,085 2.5% 
21 - 30 mph 700 19.0% 1,413 15.6% 2,580 13.3% 330 11.5% 1,534 17.0% 6,557 14.9% 
31 - 40 mph 748 20.3% 1,901 21.0% 4,199 21.7% 597 20.7% 2,198 24.3% 9,643 21.9% 
41 - 50 mph 374 10.1% 1,111 12.3% 4,766 24.6% 584 20.3% 1,615 17.9% 8,450 19.2% 
51 - 60 mph 1,440 39.0% 2,318 25.6% 4,356 22.5% 553 19.2% 2,767 30.6% 11,434 26.0% 
61 - 70 mph 266 7.2% 1,774 19.6% 1,659 8.6% 220 7.6% 565 6.2% 4,484 10.2% 
71 - 80 mph 0 0.0% 0 0.0% 0 0.0% 220 7.6% 187 2.1% 407 0.9% 
Unknown 104 2.8% 290 3.2% 1,432 7.4% 118 4.1% 0 0.0% 1,944 4.4% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Traffic 
Control 
                        
None  3,545 48.0% 1,570 12.7% 3,580 14.2% NA NA 9,825 61.6% 18,520 30.4% 
Stop or 
Yield 
479 6.5% 848 6.8% 1,587 6.3% NA NA 1,300 8.2% 4,214 6.9% 
Signals 1,100 14.9% 1,895 15.3% 3,570 14.2% NA NA 2,842 17.8% 9,407 15.4% 
Flasher 65 0.9% 56 0.5% 0 0.0% NA NA 86 0.5% 207 0.3% 
Flagman 64 0.9% 199 1.6% 908 3.6% NA NA 444 2.8% 1,615 2.7% 
No Passing 
Zone 
23 0.3% 641 5.2% 2,220 8.8% NA NA 0 0.0% 2,884 4.7% 
Center/Edge 
Line 
0 0.0% 6,170 49.8% 0 0.0% NA NA 0 0.0% 6,170 10.1% 
Warning 
Sign 
1,814 24.6% 0 0.0% 0 0.0% NA NA 641 4.0% 2,455 4.0% 
Unknown/ 
Other 
290 3.9% 1,018 8.2% 13,299 52.8% NA NA 808 5.1% 15,415 25.3% 
Total 7,380 100% 12,397 100% 25,164 100% NA NA 15,946 100% 60,887 100% 
NA – Not Available 
The efficiency of reducing speed limits within work zones depends upon the type of 
traffic control used.  Based on total crashes, a majority (30.4%) of them occurred at places where 
there were no traffic control within work zones followed by work zones with the presence of 
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traffic signals. Type of traffic controls used in work zones at the time crash for Nebraska was not 
available in the database. 
Crash information helps researchers to reconstruct the scene of a crash, and then make 
crashes more understandable. Descriptive information about the crashes is shown in Table 4.7. 
This included vehicle maneuvers before the crash, vehicle body type, and number of vehicles 
involved. 
As a result of construction and maintenance work activity on highways, lane widths were 
reduced to less than normal width, which increases the interaction between vehicles leading to 
multiple-vehicle crashes. Results showed the majority (65.8%) of the work zone crashes are 
multiple-vehicle crashes. These multiple-vehicle crashes occurred when the vehicles were going 
straight (60.2%) in work zones. Critical maneuvers such as left turns, right turns, and u-turns in 
work zones contribute to a small percentage of crashes, but a predominant percent (21.2%) of 
crashes occurred when the vehicles are slowing and stopped in traffic due to work activity. Based 
on the data availability, vehicle body type was categorized into three types such as automobile, 
light-duty vehicles, and heavy-duty vehicles. More than 50% of work zone crashes involved 
passenger cars, as the major portion of traffic consists of passenger cars.  Although it was not 
possible to normalize the results, they showed that a majority of work zone crashes involved 
passenger cars. In addition to passenger cars, light-duty vehicles such as pickup trucks, vans, and 
SUVs contributed to the second highest percentage of work zone crashes. In terms of heavy-duty 
vehicles such as trucks, these require additional consideration in work zones as their 
characteristics are different from other vehicles. According to the Federal Highway 
Administration (FHWA), almost 30% of work zone crashes involved trucks. They are involved 
in fewer crashes in work zones when compared to passenger cars, but their involvement rate in 
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fatal accidents is almost twice that of passenger cars. Analysis showed that 10.3% of work zone 
crashes involved heavy-duty vehicles and a small percentage involved other vehicles such as 
motorcycles, farm equipment, ATVs, etc. The vehicle body type variable was incomplete in the 
data obtained from Nebraska Department of Roads. Detailed explanations of types of vehicles 
involved in a crash were presented in Appendix A. 
Table 4.7 Vehicle-Related Work Zone Characteristics for the Combined States 
Description 
Iowa  Kansas Missouri Nebraska Wisconsin Total 
No. % No. % No. % No. % No. % No. % 
Vehicle 
Maneuvering                         
Going Straight 4,027 54.6% 8,531 50.9% 27,364 71.0% 3,227 59.3% 7,526 46.9% 50,675 60.2% 
Turning Left 383 5.2% 889 5.3% 1,031 2.7% 409 7.5% 1,225 7.6% 3,937 4.7% 
Turning Right 158 2.1% 381 2.3% 504 1.3% 101 1.9% 561 3.5% 1,705 2.0% 
Making U-Turn 26 0.4% 63 0.4% 46 0.1% 22 0.4% 58 0.4% 215 0.3% 
Overtaking 43 0.6% 159 0.9% 256 0.7% 67 1.2% 158 1.0% 683 0.8% 
Changing 
Lanes 
267 3.6% 593 3.5% 708 1.8% 176 3.2% 585 3.6% 2,329 2.8% 
Backing 104 1.4% 303 1.8% 397 1.0% 43 0.8% 344 2.1% 1,191 1.4% 
Slowing or 
Stopping 
1,323 17.9% 2,125 12.7% 1,571 4.1% 0 0.0% 2,554 15.9% 7,573 9.0% 
Stopped in 
Traffic 
315 4.3% 2,547 15.2% 4,655 12.1% 1,137 20.9% 1,596 9.9% 10,250 12.2% 
Merging 293 4.0% 339 2.0% 0 0.0% 73 1.3% 386 2.4% 1,091 1.3% 
Parked 146 2.0% 31 0.2% 74 0.2% 4 0.1% 286 1.8% 541 0.6% 
Unknown 295 4.0% 797 4.8% 1,925 5.0% 181 3.3% 767 4.8% 3,981 4.7% 
Total 7,380 100% 16,758 100% 38,531 100% 5,440 100% 16,046 100% 84,155 100% 
Crash Type                         
Single Vehicle 691 18.7% 2,631 29.1% 3,626 18.7% 772 26.8% 2,174 24.0% 9,894 22.5% 
Two Vehicles 2,483 67.3% 5,420 59.9% 13,438 69.5% 1,751 60.8% 5,855 64.7% 28,947 65.8% 
>Two Vehicles 515 14.0% 1,001 11.1% 2,276 11.8% 355 12.3% 1,016 11.2% 5,163 11.7% 
Total 3,689 100% 9,052 100% 19,340 100% 2,878 100% 9,045 100% 44,004 100% 
Vehicle Body 
Type 
                        
Automobile 3,946 53.5% 8,775 52.4% 18,855 48.9% NA NA 11,220 69.9% 42,796 54.4% 
Motor Cycle 52 0.7% 119 0.7% 205 0.5% NA NA 221 1.4% 597 0.8% 
Light-Duty 
Vehicle 
2,471 33.5% 6,324 37.7% 13,667 35.5% NA NA 2,115 13.2% 24,577 31.2% 
Heavy Duty 
Vehicle 
685 9.3% 1,257 7.5% 4,422 11.5% NA NA 1,781 11.1% 8,145 10.3% 
Unknown/Other 226 3.1% 283 1.7% 1,382 3.6% NA NA 709 4.4% 2,600 3.3% 
Total 7,380 100% 16,758 100% 38,531 100% NA NA 16,046 100% 78,715 100% 
NA – Not Available 
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The driver plays a key role in involvement in a crash, and identification of driver 
contribution to crashes is highly important in suggesting possible countermeasures. Work zone 
crashes based on driver-contributing circumstances is shown in Table 4.8. For a given crash, 
there could be more than one contributing factor and as a result, the summation of contributing 
factors is greater than the actual number of crashes occurring. Results showed the majority 
(63.6%) of work zone crashes involved males aged 25 to 64 years. This may be due to males 
tending to drive more than females.  Older age people were involved in a small but predominant 
percent (7.8%) of work zone crashes.  
Of all work zone crashes considered for the five states, inattentive driving (21%) in work 
zones was the leading cause of crash occurrence. This might be due to the fact that most of the 
drivers were unaware of the general problems associated with work zones. Among other factors, 
following too close was responsible for 16.6% of total work zone crashes, which might be due to 
interruption of regular traffic flows caused by closed lanes in work zone areas. Generally, work 
zones tend to have reduced speed limits based on the type of work, and drivers‟ maintaining 
those speed limits is very important in work zones. Driving too fast for conditions and exceeding 
posted speed limits were other predominant contributing factors in work zone crashes. Other 
variable contributing factors include improper lane change, improper backing, improper passing, 
improper or no turn signal, etc. These contributed to a total 29% of work zone crashes. 
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Table 4.8 Driver-Related Work Zone Characteristics for the Combined States 
Description 
Iowa  Kansas Missouri Nebraska Wisconsin Total 
No. % No. % No. % No. % No. % No. % 
Driver Age                         
Young Age 1,911 25.9% 4,924 29.5% 8,209 21.3% 1,424 26.2% 3,827 23.9% 20,295 24.1% 
Middle Age 4,523 61.3% 10,462 62.6% 25,059 65.0% 3,418 62.8% 10,073 62.8% 53,535 63.6% 
Old Age 615 8.3% 1,330 8.0% 2,847 7.4% 458 8.4% 1,305 8.1% 6,555 7.8% 
Unknown 331 4.5% 0 0.0% 2,416 6.3% 140 2.6% 841 5.2% 3,728 4.4% 
Total 7,380 100% 16,716 100% 38,531 100% 5,440 100% 16,046 100% 84,113 100% 
Driver Gender                         
Male  4,170 56.5% 9,837 58.8% 22,318 57.9% 3,299 60.6% NA NA 39,624 58.2% 
Female  2,890 39.2% 6,456 38.6% 13,564 35.2% 1,985 36.5% NA NA 24,895 36.6% 
Unknown 320 4.3% 423 2.5% 2,649 6.9% 156 2.9% NA NA 3,548 5.2% 
Total 7,380 100% 16,716 100% 38,531 100% 5,440 100% NA NA 68,067 100% 
Driver 
Contributing 
Circumstance 
                       
Disregarded 
Traffic 
Controls 
140 1.9% 513 5.0% 331 1.7% 91 3.5% 340 3.1% 1,415 2.8% 
Exceeded 
Posted Speed 
Limit 
37 0.5% 111 1.1% 455 2.3% 17 0.6% 246 2.2% 866 1.7% 
Driving Too 
Fast for 
Conditions 
295 4.0% 926 9.0% 3,038 15.3% 102 3.9% 874 8.0% 5,235 10.2% 
Made Improper 
Turn 
67 0.9% 244 2.4% 394 2.0% 14 0.5% 223 2.0% 942 1.8% 
Following Too 
Close 
713 9.7% 1,763 17.1% 4,397 22.1% 339 12.9% 1,265 11.5% 8,477 16.6% 
Inattention 68 0.9% 4,183 40.6% 4,292 21.6% 234 8.9% 1,961 17.9% 10,738 21.0% 
Failed to Yield 
Right of Way 
593 8.0% 759 7.4% 1,725 8.7% 195 7.4% 1,486 13.5% 4,758 9.3% 
Other  4,839 65.6% 1,772 17.2% 4,710 23.7% 1,552 59.1% 2,009 18.3% 14,882 29.1% 
Unknown  628 8.5% 26 0.3% 514 2.6% 83 3.2% 2,578 23.5% 3,829 7.5% 
Total 7,380 100% 10,297 100% 19,856 100% 2,627 100% 10,982 100% 51,142 100% 
NA – Not Available 
4.3 Test of Independence Results 
Test of independence was carried out for all variables considered in this study. Results 
showed crash severity had dependency with all variables considered except for surface 
conditions of the road. The p-value for all these variables was less than 0.01, which shows the 
respective parameters are dependent. Calculated Chi-Square values for different categories, 
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along with their respective degrees of freedom, are presented in Table 4.9. Also, results showed 
crash severity had a significant relationship with number of vehicles involved in the crash and 
body type of vehicles involved in the crash; whereas, crash severity had a less significant 
relationship with some other factors like light conditions, road surface type, and gender of the 
driver. 
Table 4.9 Dependency Relation of Crash Severity with Different Variables  
Category 
Degree of 
Freedom 
Chi-Square 
Calculated 
Table 
Value 
P-Value 
Statistical 
Significance 
Light Conditions  2 74.7 6 P < 0.01 Yes 
Weather Conditions  8 215.05 15.51 P < 0.01 Yes 
Posted Speed Limit 12 431.55 21.03 P < 0.01 Yes 
Surface Condition of Road  4 6.3 9.5 P > 0.01 No 
Road Surface Type  4 31 9.5 P < 0.01 Yes 
Traffic Controls  12 173.4 21 P < 0.01 Yes 
Driver Gender  2 59 6 P < 0.01 Yes 
Day of Crash  12 65.6 21 P < 0.01 Yes 
Age of Driver  12 34.9 21 P < 0.01 Yes 
Vehicle Maneuver Before 
Crash  
10 199 18.3 P < 0.01 Yes 
Alcohol Involvement  2 478.3 6 P < 0.01 Yes 
Number of Vehicles 
Involved 
4 1148 9.5 P < 0.01 Yes 
Manner of Collision  10 726.9 18.3 P < 0.01 Yes 
Vehicle Body Type 14 1056.2 23.7 P < 0.01 Yes 
Driver Contributing 
Circumstances  22 795.7 33.9 P < 0.01 Yes 
4.4 Ordered Probit Model Analysis 
The ordered probit modeling technique was used to identify risk factors associated with 
injury severity of work zone crashes. Out of the two states having work zone crash-related details 
recorded before 2006, the Iowa work zone crash database was used for modeling because of the 
detailed information about work zone variables in its electronic database when compared to the 
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Nebraska data set. In addition, this study considered each individual injury severity resulting 
from the crash, which was categorized into five levels: fatal, incapacitating, non-incapacitating, 
possible, and property damage only. Severity of a crash was identified based on the highest 
injury severity sustained by an involved person due to the crash. For example, if at least one 
fatality resulted from a crash, then it was defined as a fatal crash; and when there was at least one 
incapacitating injury but no fatalities, then it was defined as an incapacitating injury crash and so 
on. 
The variable selection process was based on both prior knowledge from previous studies 
and on the presumption that a particular factor would be significant towards injury severity. 
Thus, the selected candidate vector was comprised of many explanatory variables, some of 
which may or may not be critical in assessing injury severity. The ordered probit model was 
developed to assess the injury severity of work zone crashes by considering nearly 38 
explanatory variables using statistical modeling software, SAS version 9.1 (43). The response 
variable was taken as injury severity (fatal, incapacitating, non-incapacitating, possible injury, no 
injury). The predicted variables, variable names, description about how variables were 
determined, and corresponding mean values for the five years of Iowa data are shown in Table 
4.10. 
As the selection criteria for the variables to be included in the model, a 95% confidence 
level was used in which the probability should be less than 0.05. Co-linearity of individual 
variables was also checked before considering variables into the model, and if such relationship 
existed, one of the two correlated variables was discarded based on the lowest mean value 
criterion. 
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Table 4.10 Description of Variables Considered in the Severity Model 
Variables Variable Name Description Mean 
First Harmful Event 
Overturn If overturn/rollover=1, otherwise=0 0.01 
Fixedobj If collided with fixed object=1, otherwise=0 0.06 
Manner of Collision 
Headon If it is a head-on collision=1, otherwise=0 0.01 
Broad If it is a broadside collision=1, otherwise=0 0.1 
Sideswipe_same If it is a sideswipe-same direction=1, otherwise=0 0.14 
Sideswipe_opp If it is a sideswipe-opposite direction=1, otherwise=0 0.01 
Location of First Harm Onrdway If a crash  occurred on roadway=1, otherwise=0 0.95 
Weather Conditions Weathercond 
If a work zone crash occurred under no adverse 
weather conditions =1, otherwise=0 
0.58 
Light Conditions Lightcond 
If a  crash occurred in day light conditions=1, 
otherwise=0 
0.82 
Surface Conditions Surfcond 
If crash occurred on dry road conditions of road=1, 
otherwise=0 
0.85 
Type of Roadway Intersectn If a  crash occurred at intersection =1, otherwise=0 0.32 
Traffic Controls Trafcntrl If no traffic controls present =1, otherwise=0 0.48 
Location within Work 
Zone 
WZ_Loc1 
If crash occurred before work zone warning sign=1, 
otherwise=0 
0.08 
WZ_Loc2 
If crash occurred in advance warning area=1, 
otherwise=0 
0.17 
WZ_Loc3 If crash occurred in transition area =1, otherwise=0 0.18 
WZ_Loc4 If crash occurred in activity area =1, otherwise=0 0.42 
WZ_Loc5 If crash occurred in termination area=1, otherwise=0 0.03 
Work Zone Type 
WZ_type2 
If it is lane shift/crossover work zone type=1, 
otherwise=0 
0.12 
WZ_type3 If the work is on shoulder or median=1, otherwise=0 0.16 
WZ_type8 If it is an other type of work zone=1, otherwise=0 0.19 
Workers Workers If workers are present=1, otherwise=0 0.38 
Occupant Protection Occprotect If occupant protection is used =1, otherwise=0 0.95 
Airbag Airbag_1 If airbag is not deployed=1, otherwise=0 0.72 
Vehicle Configuration 
Ligdtyveh If it is a light-duty vehicle=1, otherwise=0 0.55 
Truck If it is a truck ( > 3 Axles) =1, otherwise=0 0.09 
Vehicle Action 
Critmaneu If the vehicle is making left/right turn=1, otherwise=0 0.07 
Passing If the vehicle is overtaking/passing=1, otherwise=0 0.01 
Merging 
If the vehicle is changing lanes/merging=1, 
otherwise=0 
0.08 
Stopped 
If the vehicle is stopped/slowed in traffic=1, 
otherwise=0 
0.23 
Driver Age Youngage 
If the driver age is in between 0-24 years=1, 
otherwise=0 
0.27 
Driver Gender Drivgender If the driver is male=1, otherwise=0 0.59 
Driver-Contributing 
Circumstances 
DrivCC_1 
If the driver exceeded posted speed limit=1, 
otherwise=0 
0.05 
DrivCC_2 If the driver is following too close=1, otherwise=0 0.1 
DrivCC_3 If the driver is taking other action=1, otherwise=0 0.49 
Posted Speed Limit Speedlimit Posted speed limit in mph 45.31 
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Model results are presented in Table 4.11 for work zone crashes. The likelihood ratio 
index (LRI) is presented for the model along with Estrella values and log likelihood values. The 
likelihood ratio index value for the injury severity model is 0.1267. Thus, the injury severity 
model for work zone crashes has a better capability of explaining injury severity. In this model, 
significant variables are denoted by an asterisk (*). Past studies (33, 34) based on ordered probit 
modeling have shown the goodness of fit value is typically low. In the model developed by Ma 
and Kockelman (34), it was around 0.05 and in the models developed by Kockelman and Kweon 
(33) the highest LRI value was around 0.08. Many other studies in the past had similar results. 
Therefore, the reliability of the overall model can be considered as acceptable.  
Variables considered in this analysis can be broadly classified under four sections: driver 
related, crash related, roadway related, and environment related. Thus, the discussion of model 
results is also presented under the same sections for better understanding.  
A positive estimated coefficient in the model implies increasing injury severity with 
increasing values of the explanatory variables. Independent variables from each category that 
were significantly contributing to injury severity are discussed in the following sections.  
Work Zone Related 
  None of the work zone-related variables (location of crash within work zone areas 
and work zone types) were significant except the variable (WZ_type8) “other work zone” type. 
This implies if a crash occurs in an other work zone type (exact name of work zone was not 
specified in the database), severity of the resulting crash is going to be less, since the variable 
had a negative estimated parameter. 
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Table 4.11 Parameter Estimates of Selected Variables 
Parameter Estimate Standard Error t Value Approx Pr > |t| 
Intercept 2.535957 0.207631 12.21 <.0001 
Overturn -0.62822 0.144738 -4.34   <.0001* 
Fixedobj -0.249555 0.103922 -2.4    0.0163* 
Headon -0.510623 0.162692 -3.14    0.0017* 
Broad -0.102719 0.07925 -1.3  0.1949 
Sideswipe_same 0.491945 0.085065 5.78    <.0001* 
Sideswipe_opp -0.285423 0.186144 -1.53  0.1252 
Onrdway 0.424076 0.105473 4.02   <.0001* 
Weathercond 0.122153 0.047372 2.58    0.0099* 
Lightcond -0.005181 0.060819 -0.09  0.9321 
Surfcond -0.01884 0.066643 -0.28  0.7774 
Intersectn -0.145374 0.053422 -2.72    0.0065* 
Trafcntrl 0.045306 0.046406 0.98  0.3289 
WZ_Loc1 0.030489 0.107723 0.28  0.7772 
WZ_Loc2 0.061595 0.086252 0.71  0.4751 
WZ_Loc3 0.124856 0.088054 1.42  0.1562 
WZ_Loc4 0.072204 0.132212 0.55 0.5850 
WZ_Loc5 0.088682 0.074674 1.19 0.2350 
WZ_type2 -0.057789 0.070798 -0.82 0.4144 
WZ_type3 0.096443 0.06856 1.41 0.1595 
WZ_type8 -0.21211 0.063343 -3.35   0.0008* 
Workers -0.03381 0.047143 -0.72 0.4733 
Occprotect -0.913787 0.088484 -10.33  <.0001* 
Airbag_1 0.639337 0.04923 12.99  <.0001* 
Ligdtyveh 0.101087 0.049271 2.05  0.0402* 
Truck 0.834399 0.102663 8.13  <.0001* 
Critmaneu 0.210727 0.095955 2.2   0.0281* 
Passing -0.871643 0.250026 -3.49   0.0005* 
Merging 0.140812 0.095137 1.48 0.1388 
Stopped 0.068576 0.05943 1.15 0.2485 
Youngage 0.158399 0.052115 3.04   0.0024* 
Drivgender 0.233336 0.046134 5.06  <.0001* 
DrivCC_1 0.052207 0.102294 0.51              0.6098 
DrivCC_2 0.567017 0.097047 5.84 <.0001* 
DrivCC_3 -0.102133 0.054379 -1.88              0.0604 
Speedlimit  0.013828 0.001967 7.03 <.0001* 
_Limit2 0.910437 0.092537 9.84              <.0001 
_Limit3 1.742421 0.097744 17.83              <.0001 
_Limit4 2.451284 0.099206 24.71              <.0001 
Estrella                                            0.2076 
Adjusted Estrella                            0.1886 
McFadden's LRI                             0.1250 
AIC                                                    5788 
Log Likelihood                                -2855 
* Variables are significant at 0.05 levels 
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Driver Related  
The positive estimated parameter statistically significant at a 95% confidence level for 
the variable „Youngage‟ indicates crashes involving young age drivers increase the propensity of 
more injury severity in work zone crashes. The variable associated with gender „Drivgender‟ has 
a positive estimate, indicating when male drivers are involved in crashes there is a tendency for 
high injury severity compared to female drivers involved in crashes. This could be due to the fact 
that males tend to drive more, compared to females, which increases their chances of being 
involving in a crash. 
Whether occupant protection at the time of a crash was used or not was also investigated 
by including an indicator variable „Occprotect.‟ Results showed that occupant protection usage 
has reduced injury severity. The nondeployment of airbags at the time of a crash increased injury 
severity of the crash since the variable „Airbag_1‟has a positive estimated coefficient.  
When driver-contributing circumstances were analyzed, the variable „DrivCC_2‟ showed 
a positive estimated coefficient. This indicates when the drivers are following too close to each 
other; there is a tendency towards having high injury severity. A careful observation of estimates 
gives more specific details about how far this affects injury severity. 
Roadway Related  
According to the model estimates, work zone crashes occurring on roadways (Onrdway) 
have a tendency towards high severe injuries, whereas intersection-related work zone crashes 
have an opposite effect on injury severity.  
High injury severities on roadway crashes could be due to higher speed limits and lack of 
facilities available on the roadside such as guard rails, shoulder lanes, lighting, etc. However, at 
intersections, speeds are a little lower with better facilities, due to which the chances are lower 
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for such type of crashes. Speed is one of the most important parameters capable of generating 
different levels of injury severity. Speed limit variable “Spdlimit” was included in the model 
specification to evaluate its effect on injury severity of work zone crashes. Results indicated 
speed has a proportional relationship with injury severity by which if speed increases injury 
severity increases. 
Crash Related  
Among different types of vehicles involved in work zone crashes, the variable trucks 
(Truck) and light-duty vehicles (Ligdtyveh) such as pickup trucks, vans, and SUV‟s indicate 
statistically significant influence towards injury severity in work zone crashes. This implies 
when trucks and light duty vehicles are involved in work zone crashes, injury severity of those 
crashes is expected to be high. Trucks had a higher positive estimated parameter than light-duty 
vehicles which indicates a higher probability of a high severity crash if a truck is involved in a 
crash than light-duty vehicles. This might be due to the fact that trucks occupy more space in 
work zones, leading to multiple-vehicle collisions which end in high injury severity.   
When the vehicle is taking a left turn or right turn before the crash, the resulting crash 
leads to increased injury severity, as the variable „Critmaneu‟ has a positive estimated parameter. 
However, when the vehicle is passing another vehicle before the crash, the probability of injury 
severity is less, as the variable “passing” showed a negative estimated parameter.  
In case of multiple-vehicle collisions, sideswipe collision (Sideswipe_same) in the same 
direction results in more severe injuries to vehicle occupants than head-on collisions. This might 
be because in work zones, reduced traffic lane widths will increase the interaction between the 
vehicles travelling in the same direction, which tends to result in more sideswipe collisions. 
Reduced injury severity in the case of head-on collisions might be because work zones were 
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present in urban areas where there are low speed limits. Similarly, the variables “overturn” and 
“collision with fixed object” showed a decreasing injury severity, as the usage of seat belts and 
deployment of airbags might have reduced injury severity. 
Environment Related 
The variable related to weather conditions (Clearweacond) had a positive estimated 
parameter. This shows that, when a crash occurs in clear weather conditions, severity of the crash 
could be expected to be more, compared to crashes that occur in adverse weather conditions. It 
doesn‟t show that all work zone crashes occurring under clear weather conditions are more 
severe. This variable can be better explained once details such as number of vehicles passing 
through work zones in daytime and nighttime, length of work zone, active and idle times of work 
zones etc. are known. This was not possible in this study due to limitations in the electronic data 
set. 
4.5 Recommended Countermeasure Ideas 
Safety in work zones is a major concern and therefore any countermeasure suggested 
could help to reduce crashes in these areas. This present study can be extended to a more 
elaborate level by conducting a more detailed statewide study of each state‟s different work zone 
crash characteristics so as to obtain more reliable results which may lead to more productive 
countermeasures. Study of police reports and understanding crash scenarios and exposure data 
will also help to a great extent. 
Among extensive research done in the past to develop countermeasures for different 
crash scenarios, only the ones which suited this study were selected and are presented in this 
section. 
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Results showed rear-end collisions of vehicles to be the predominant collision crash type 
in work zones when compared to other collisions. Different authors recommended various 
countermeasures such as Advanced Traffic Information Systems (ATIS) (7), which warn drivers 
approaching work zones about the risk scenario of the upcoming work zones and suggest they 
chose an alternative route so as to reduce traffic and risk of collisions. Collisions may be 
partially prevented by proper application of traffic control devices, such as flaggers, combination 
of cones, flashing arrows, and flagmen (18), and by other techniques to enhance the visibility of 
work sites (15). In an effort to reduce the frequency of rear-end collisions, a series of work zone 
signs were deployed in Indiana with the objective of reducing motorists‟ speeds in work zone 
areas. Rear-end crashes might also be reduced by effectively controlling and enforcing safe 
headways between consecutive vehicles using a headway detector controlled by intelligent 
algorithms to send instant warning messages to changeable message signs, especially when a 
platoon has heavy vehicles (12).  
  In driver-contributory causes, inattentive driving by the driver was the leading 
contributory cause of all work zone crashes. Attention of the driver in work zones is very 
important and drivers can be alerted by using temporary rumble strips or other raised pavement 
markings which have both physical vibration and visual impacts effective in alerting drivers to 
drive cautiously. Some highly visible warning devices such as flashing lights may also be 
effective in warning inattentive drivers (12). The second leading cause of work zone crashes was 
following too close. Proper installation of a Changeable Message Sign (CMS) warns drivers 
approaching work zones about the upcoming risk scenario such as time delay expected, length of 
the work zone, etc. This will encourage the drivers to choose alternate routes which will reduce 
traffic congestion and subsequently, may reduce following too close. Several other 
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countermeasure ideas, presented Table 4.13, could be implemented under poor visibility 
conditions in order to warn inattentive or distracted drivers and also reduce the intensity of rear- 
end crashes.  
Table 4.12 Countermeasure Ideas for Poor Visibility Conditions 
Characteristic Countermeasure Reference 
Poor Visibility 
Conditions 
Light Emitting Diode (LED) Road Work Signs Takemoto et al.  (20) 
Roboflaggger Tom (27) 
Emergency Warning Lights for Maintenance 
Vehicles 
Christianson et al. (21) 
Fluorescent Yello-Green Background for Vehicle-
Mounted Work Zone Signs 
Kamyab and Brandon 
(24) 
 
The issue of drivers exceeding speed limits could be mitigated using techniques such as 
automated speed photo-radar enforcement, van-enabled photo enforcement, or simpler methods 
like flashing beacons, police presence, etc. These are described in Table 4.14. Reducing the 
speed of approaching vehicles also decreases frequency of rear-end collisions.   
Table 4.13 Speed-Reduction Countermeasure Ideas 
Characteristic Countermeasure Reference 
Speed Limit 
Van-enabled photo enforcement to keep speeds down in 
work zones  
Tom (27) 
A speed-activated sign triggers a flashing beacon when a 
predetermined speed threshold is exceeded 
Mattox et al. (22) 
Police presence, enhanced fines, changeable message signs, 
radar-activated horn system, display license plate number, 
speed of speeding vehicle, intrusion alarm 
Vicki and 
Jonathan (23) 
Construction zone traffic fines' panel sign 
Huebschman et 
al. (26) 
Automated speed photo-radar enforcement Medina et al. (32) 
Lane-width reduction, law enforcement, changeable 
message signs, rumble strips, flashing beacons 
Benekohal et al. 
(31) 
Use of Police in Work Zones Arnold (24) 
Changeable message sign with radar unit 
Garber and Woo 
(18) 
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Based on the study, a number of countermeasures can be suggested to improve safety in 
work zones. In general, implementation of these countermeasures is a lengthy process with 
several stages such as planning, designing, implementation, and output evaluation. All steps 
require financing and each improvement will be associated with a certain amount of cost plus 
benefits. However, these cost-associated issues are beyond the scope of this research study and 
thus, no costs were considered when suggesting countermeasures to improve safety in work 
zones. 
In order to improve awareness, education programs about work zones might help to 
improve safety in these areas to some extent. Similarly, introduction of best practices such as 
seat belt usage, being in the same lane within work zones, maintaining the work zone speed 
limit, avoiding drunken driving, etc. will improve the safety of drivers in work zones. 
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CHAPTER 5 - SUMMARY AND CONCLUSIONS 
Crash data obtained from the SWZDI region states through the years 2002 to 2006 were 
analyzed with the intention of identifying characteristics and risk factors associated with work 
zone crashes. In the first stage, detailed characteristic analysis of work zone crashes was carried 
out for all five states under several categories such as environmental-related, roadway-related, 
location and type of work zone-related, crash-related, vehicle-related, and driver-related factors. 
Characteristics were first identified separately for each of the five states: Iowa, Kansas, Missouri, 
Nebraska, and Wisconsin. The data from the five states were then combined together for the 
five-year period, and characteristics of the work zone crashes in the SWZDI region were 
identified and presented. However, combining work zone crash data from different states was a 
challenging task as each state uses a different crash reporting form and variable definitions. In 
the second stage, a statistical analysis was done for the Iowa data set to identify risk factors 
associated with work zone crashes. Results from these two categories are briefly described in the 
following sections.  
5.1 Characteristic Conclusions  
According to analysis results, in all five states, most of the work zone crashes occurred 
under clear environmental conditions. Multiple-vehicle crashes were more predominant in work 
zone crashes when compared to crashes involving a single vehicle. A majority of the work zone 
crashes led to PDO crashes and a few but noticeable percentage of fatal crashes occurred in work 
zones. At the time of occurrence of a crash, a majority of vehicles involved were going straight 
or following the road. Further, a predominant percentage of vehicles were stopped in traffic or 
71 
 
slowing down for a signal. Passenger cars were more involved in work zone crashes when 
compared to light-duty and heavy-duty vehicles. Rear-end was the most predominant type of 
collision in work zone areas when compared to other collisions. As of 2006, only two states have 
tracked work zone-related variables such as type of work zone and location of crash within work 
zone areas. Results showed that nearly 50% of work zone crashes occurred in the activity area of 
the work zone (6, 7, 8, 9,) where the actual work goes on. The safest zone within work zones was 
before the work zone warning sign, i.e., advance warning area which warns the traffic what to 
expect ahead. The lane-closure work zone type was the one where the highest percentage of 
crashes occurred, followed by work on the shoulder or median type of work zone. While 
analyzing the characteristics of driver-contributory factors leading to work zone crashes in the 
SWZDI region, inattentive driving and following too close for conditions were some of the 
factors contributing to work zone crashes. Male drivers aged between 25 to 64 years were more 
involved in work zone crashes when compared to female drivers, as they might be the ones who 
drive more.  
5.2 Modeling Conclusions 
In order to identify risk factors associated with work zone crashes, the ordered probit 
model was developed for the Iowa work zone crash data set for the period 2002-2006. The 
objective of this type of modeling was to see the combined effect of variables contributing to 
higher injury severity.  
Based on the study, work zone crashes involving trucks, light-duty vehicles following too 
close, non-deployment of airbags, sideswipe collision of same-direction vehicles, crashes 
occurring on roadways, posted speed limits and crashes occurring while vehicles were taking 
left/right turns in a work zone area showed a higher propensity for severe injuries. Work zone 
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crashes involving male drivers had a tendency for higher injury severities compared to female 
drivers. Middle-age drivers were more prone to severe injuries than old age and young age 
drivers. Injury severity was high in crashes occurring on on-roadway work zone areas. Vehicles 
colliding sideways while travelling in the same direction showed significant results with respect 
to higher injury severity when compared to head-on collisions. Compared to other vehicle types, 
involvement of trucks in work zone crashes tended to have high injury severity. Further, it was 
found that vehicles following too close in work zone areas tended to increase the injury severity 
of the occupants. Finally, it can be concluded the study has found many important parameters 
where occupants are at risk in work zone areas, and these findings can be used in the future to 
improve safety in work zones.  
Finally, in order to get better results and findings, motor vehicle accident report forms in 
all five states need to be modified to facilitate work zone crash investigations at more precise 
levels. For instance, traffic control devices listed in the thesis do not include temporary traffic 
control devices such as channelization devices and temporary lighting devices commonly used in 
work zones. As a result, police usually either classifies temporary work zone traffic control 
devices as “other” or do not record them. Revisions should also be considered for other sections 
such as crash locations within work zones (advance warning area, transition area, activity area, 
or termination area) and pedestrian identification (regular pedestrian or construction worker). 
Descriptions of the work zone including construction work types, length of the work zone, and 
status of the work zone (active or inactive) at the crash time should also be included in accident 
reports. This type of exposure data related to work zones would help to identify more behavioral 
factors, which would help to improve safety in work zones.  
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APPENDIX A - DETAILED CRASH CHARACTERISTICS FOR 
INDIVIDUAL STATES 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Light 
Conditions 
Daylight  447 586 659 633 590 2,915 79.4% 78.3% 78.9% 77.2% 81.6% 79.0% 
Dusk  6 13 14 12 9 54 1.1% 1.7% 1.7% 1.5% 1.2% 1.5% 
Dawn 10 8 6 13 8 45 1.8% 1.1% 0.7% 1.6% 1.1% 1.2% 
Dark Street Lights 
On  
53 73 87 90 62 365 9.4% 9.8% 10.4% 11% 8.6% 9.9% 
Dark No Street 
Lights  
42 60 63 63 45 273 7.5% 8.0% 7.5% 7.7% 6.2% 7.4% 
Unknown 5 8 6 9 9 37 0.9% 1.1% 0.7% 1.1% 1.2% 1.0% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                            
Weather 
Conditions 
Clear 363 453 438 496 404 2,154 64.5% 60.6% 52.5% 60.5% 55.9% 58.4% 
Partly Cloudy 90 125 178 143 136 672 16.0% 16.7% 21.3% 17.4% 18.8% 18.2% 
Cloudy 57 87 108 102 98 452 10.1% 11.6% 12.9% 12.4% 13.6% 12.3% 
Fog, Smoke, Mist 20 15 30 14 21 100 3.6% 2.0% 3.6% 1.7% 2.9% 2.7% 
Rain 21 52 59 45 50 227 3.7% 7.0% 7.1% 5.5% 6.9% 6.2% 
Snow, Sleet, Hail, 
Freezing rain 
3 6 8 6 9 32 0.5% 0.8% 1.0% 0.7% 1.2% 0.9% 
Severe Winds, 
Blowing Sand, Soil, 
Dirt 
3 8 6 4 1 22 0.5% 1.1% 0.7% 0.5% 0.1% 0.6% 
Unknown 6 2 8 10 4 34 1.1% 0.3% 1.0% 1.2% 0.6% 0.9% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                            
Surface 
Conditions 
Dry 478 617 671 667 601 3,034 84.9% 82.5% 80.4% 81.3% 83.1% 82.2% 
Wet 52 88 112 87 80 419 9.2% 11.8% 13.4% 10.6% 11.1% 11.4% 
Ice, Snow, Slush 1 13 16 17 7 54 0.2% 1.7% 1.9% 2.1% 1.0% 1.5% 
Sand, Mud, Dirt, 
Oil, Gravel 
14 14 19 19 16 82 2.5% 1.9% 2.3% 2.3% 2.2% 2.2% 
Water (Standing, 
Moving) 
0 2 4 3 2 11 0.0% 0.3% 0.5% 0.4% 0.3% 0.3% 
Unknown 18 14 13 27 17 89 3.2% 1.9% 1.6% 3.3% 2.4% 2.4% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Crash Type 
Single Vehicle 95 143 131 181 141 691 16.9% 19.1% 15.7% 22.1% 19.5% 18.7% 
Two Vehicles 373 513 581 526 490 2,483 66.3% 68.6% 69.6% 64.1% 67.8% 67.3% 
Multi-Vehicle 95 92 123 113 92 515 16.9% 12.3% 14.7% 13.8% 12.7% 14.0% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                            
Crash Severity 
Fatal  6 7 6 6 1 26 1.1% 0.9% 0.7% 0.7% 0.1% 0.7% 
Injury 213 237 251 294 264 1,259 37.8% 31.7% 30.1% 35.9% 36.5% 34.1% 
PDO 344 504 578 520 458 2,404 61.1% 67.4% 69.2% 63.4% 63.3% 65.2% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                            
Drug/Alcohol 
Involved 
No 451 576 670 649 547 2,893 80.1% 77.0% 80.2% 79.1% 75.7% 78.4% 
Yes  109 170 162 169 175 785 19.4% 22.7% 19.4% 20.6% 24.2% 21.3% 
Unknown 3 2 3 2 1 11 0.5% 0.3% 0.4% 0.2% 0.1% 0.3% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                            
Day  of Accident  
Sunday  37 61 61 52 49 260 6.6% 8.2% 7.3% 6.3% 6.8% 7.0% 
Monday  73 122 117 136 107 555 13.0% 16.3% 14.0% 16.6% 14.8% 15.0% 
Tuesday 87 118 138 131 116 590 15.5% 15.8% 16.5% 16.0% 16.0% 16.0% 
Wednesday  93 126 139 148 124 630 16.5% 16.8% 16.6% 18.0% 17.2% 17.1% 
Thursday  107 118 154 142 135 656 19.0% 15.8% 18.4% 17.3% 18.7% 17.8% 
Friday  95 121 142 139 130 627 16.9% 16.2% 17.0% 17.0% 18.0% 17.0% 
Saturday  71 82 84 72 62 371 12.6% 11.0% 10.1% 8.8% 8.6% 10.1% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Work Zone 
Type 
Lane Closure 250 315 360 327 315 1,567 44.4% 42.1% 43.1% 39.9% 43.6% 42.5% 
Lane 
Shift/Crossover/Head-
To-Head Traffic 
65 97 85 111 84 442 11.5% 13.0% 10.2% 13.5% 11.6% 12.0% 
Work on Shoulder or 
Median 
73 108 140 127 106 554 13.0% 14.4% 16.8% 15.5% 14.7% 15.0% 
Intermittent or Moving 
Work 
35 27 44 44 35 185 6.2% 3.6% 5.3% 5.4% 4.8% 5.0% 
Other Type of Work 
Zone 
116 153 165 163 142 739 20.6% 20.5% 19.8% 19.9% 19.6% 20.0% 
Unknown 24 48 41 48 41 202 4.3% 6.4% 4.9% 5.9% 5.7% 5.5% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Work Zone 
Locations 
Before Work Zone 
Warning Sign 
38 38 59 54 62 251 6.7% 5.1% 7.1% 6.6% 8.6% 6.8% 
Between Advance 
Warning Sign and 
Work Area 
98 109 135 108 113 563 17.4% 14.6% 16.2% 13.2% 15.6% 15.3% 
Within Transition 
Area for Lane Shift 
90 141 144 137 115 627 16.0% 18.9% 17.2% 16.7% 15.9% 17.0% 
Within or Adjacent To 
Work Activity 
210 292 337 347 300 1,486 37.3% 39.0% 40.4% 42.3% 41.5% 40.3% 
Between End Of Work 
Area And "End Work 
Zone" Sign 
23 26 16 24 20 109 4.1% 3.5% 1.9% 2.9% 2.8% 3.0% 
Other Work Zone 
Area 
82 95 117 108 94 496 14.6% 12.7% 14.0% 13.2% 13.0% 13.4% 
Unknown 22 47 27 42 19 157 3.9% 6.3% 3.2% 5.1% 2.6% 4.3% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Workers 
Yes 213 271 279 308 287 1,358 37.8% 36.2% 33.4% 37.6% 39.7% 36.8% 
No 298 405 477 443 381 2,004 52.9% 54.1% 57.1% 54.0% 52.7% 54.3% 
Unknown 52 72 79 69 55 327 9.2% 9.6% 9.5% 8.4% 7.6% 8.9% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Collision With 
Other Motor 
Vehicle  
Non-Collision  97 145 135 189 148 714 17.2% 19.4% 16.2% 23.0% 20.5% 19.4% 
Head On  8 7 7 16 10 48 1.4% 0.9% 0.8% 2.0% 1.4% 1.3% 
Rear End  286 345 427 378 360 1,796 50.8% 46.1% 51.1% 46.1% 49.8% 48.7% 
Angle-Side 
Impact  
20 38 20 37 30 145 3.6% 5.1% 2.4% 4.5% 4.1% 3.9% 
Broadside  57 76 97 71 61 362 10.1% 10.2% 11.6% 8.7% 8.4% 9.8% 
Sideswipe: 
Same 
Direction  
82 121 130 104 104 541 14.6% 16.2% 15.6% 12.7% 14.4% 14.7% 
Sideswipe: 
Opposite 
Direction  
8 6 11 17 6 48 1.4% 0.8% 1.3% 2.1% 0.8% 1.3% 
Unknown 5 10 8 8 4 35 0.9% 1.3% 1.0% 1.0% 0.6% 0.9% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Location of First 
Harmful Event 
On Roadway 517 676 784 750 668 3,395 91.8% 90.4% 93.9% 91.5% 92.4% 92.0% 
Shoulder 18 35 27 35 26 141 3.2% 4.7% 3.2% 4.3% 3.6% 3.8% 
Median 3 9 6 2 4 24 0.5% 1.2% 0.7% 0.2% 0.6% 0.7% 
Roadside 14 19 11 20 16 80 2.5% 2.5% 1.3% 2.4% 2.2% 2.2% 
Outside 
Trafficway 
4 7 5 8 7 31 0.7% 0.9% 0.6% 1.0% 1.0% 0.8% 
Unknown/ 
Not Reported 
7 2 2 5 2 18 1.2% 0.3% 0.2% 0.6% 0.3% 0.5% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Speed Limit 
0 - 20 mph 8 11 13 13 12 57 1.4% 1.5% 1.6% 1.6% 1.7% 1.5% 
21 - 30 mph 120 175 140 133 132 700 21.3% 23.4% 16.8% 16.2% 18.3% 19.0% 
31 - 40 mph 98 119 202 171 158 748 17.4% 15.9% 24.2% 20.9% 21.9% 20.3% 
41 - 50 mph 40 83 65 97 89 374 7.1% 11.1% 7.8% 11.8% 12.3% 10.1% 
51 - 60 mph 214 277 339 326 284 1,440 38.0% 37.0% 40.6% 39.8% 39.3% 39.0% 
61 - 70 mph 66 62 48 51 39 266 11.7% 8.3% 5.7% 6.2% 5.4% 7.2% 
71 - 80 mph 0 0 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
> 80 mph 0 0 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Unknown 17 21 28 29 9 104 3.0% 2.8% 3.4% 3.5% 1.2% 2.8% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Accident Class (First 
Harmful Event)  
Overturn/Rollover 13 23 20 18 16 90 2.3% 3.1% 2.4% 2.2% 2.2% 2.4% 
Jackknife 2 3 0 0 2 7 0.4% 0.4% 0.0% 0.0% 0.3% 0.2% 
Other Non-
Collision 
9 16 11 26 22 84 1.6% 2.1% 1.3% 3.2% 3.0% 2.3% 
Non-Motorist 3 5 5 9 10 32 0.5% 0.7% 0.6% 1.1% 1.4% 0.9% 
Vehicle in Traffic 424 550 645 579 540 2,738 75.3% 73.5% 77.2% 70.6% 74.7% 74.2% 
Vehicle in/from 
Other Roadway 
21 22 23 26 24 116 3.7% 2.9% 2.8% 3.2% 3.3% 3.1% 
Parked Motor 
Vehicle 
12 20 28 26 16 102 2.1% 2.7% 3.4% 3.2% 2.2% 2.8% 
Animal 2 1 6 3 2 14 0.4% 0.1% 0.7% 0.4% 0.3% 0.4% 
Other Non-Fixed 
Object 
16 18 18 26 26 104 2.8% 2.4% 2.2% 3.2% 3.6% 2.8% 
Bridge/Bridge 
Rail/Overpass 
2 8 6 1 6 23 0.4% 1.1% 0.7% 0.1% 0.8% 0.6% 
Culvert 1 2 0 4 2 9 0.2% 0.3% 0.0% 0.5% 0.3% 0.2% 
Ditch/Embankment 13 13 9 11 13 59 2.3% 1.7% 1.1% 1.3% 1.8% 1.6% 
Curb/Island/Raised 
Median 
2 6 8 5 4 25 0.4% 0.8% 1.0% 0.6% 0.6% 0.7% 
Guardrail 4 7 3 5 3 22 0.7% 0.9% 0.4% 0.6% 0.4% 0.6% 
Concrete Barrier 7 16 25 24 15 87 1.2% 2.1% 3.0% 2.9% 2.1% 2.4% 
Tree 1 2 1 1 1 6 0.2% 0.3% 0.1% 0.1% 0.1% 0.2% 
Poles (Utility, 
Light etc.) 
6 3 6 3 3 21 1.1% 0.4% 0.7% 0.4% 0.4% 0.6% 
Sign Post 5 5 5 8 2 25 0.9% 0.7% 0.6% 1.0% 0.3% 0.7% 
Impact Attenuator 1 2 1 5 1 10 0.2% 0.3% 0.1% 0.6% 0.1% 0.3% 
Other Fixed Object 16 21 9 34 11 91 2.8% 2.8% 1.1% 4.1% 1.5% 2.5% 
Unknown 3 5 6 6 4 24 0.5% 0.7% 0.7% 0.7% 0.6% 0.7% 
Total 563 748 835 820 723 3,689 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Traffic Controls 
None  528 681 872 794 670 3,545 44.7% 46.0% 51.5% 49.9% 46.7% 48.0% 
Traffic Signals  152 241 260 227 220 1,100 12.9% 16.3% 15.3% 14.3% 15.3% 14.9% 
Flashing Traffic 
Control Signal 
11 10 14 14 16 65 0.9% 0.7% 0.8% 0.9% 1.1% 0.9% 
Stop and Yield 
Signs 
66 122 86 106 99 479 5.6% 8.2% 5.1% 6.7% 6.9% 6.5% 
No Passing Zone 0 4 6 8 5 23 0.0% 0.3% 0.4% 0.5% 0.3% 0.3% 
Warning Signs 33 35 28 27 24 147 2.8% 2.4% 1.7% 1.7% 1.7% 2.0% 
Traffic Director 0 0 26 26 12 64 0.0% 0.0% 1.5% 1.6% 0.8% 0.9% 
Work Zone Signs  334 331 335 330 337 1,667 28.3% 22.4% 19.8% 20.7% 23.5% 22.6% 
Unknown/Other 56 56 67 59 52 290 4.7% 3.8% 4.0% 3.7% 3.6% 3.9% 
Total 1,180 1,480 1,694 1,591 1,435 7,380 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Driver Age 
Young Age 333 381 415 411 371 1,911 28.2% 25.7% 24.5% 25.8% 25.9% 25.9% 
Middle Age 670 923 1,070 973 887 4,523 56.8% 62.4% 63.2% 61.2% 61.8% 61.3% 
Old Age 115 119 124 144 113 615 9.7% 8.0% 7.3% 9.1% 7.9% 8.3% 
Unknown 62 57 85 63 64 331 5.3% 3.9% 5.0% 4.0% 4.5% 4.5% 
Total 1,180 1,480 1,694 1,591 1,435 7,380 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Driver Gender  
Male  671 859 940 877 823 4,170 56.9% 58.0% 55.5% 55.1% 57.4% 56.5% 
Female  450 564 671 652 553 2,890 38.1% 38.1% 39.6% 41.0% 38.5% 39.2% 
Unknown 59 57 83 62 59 320 5.0% 3.9% 4.9% 3.9% 4.1% 4.3% 
Total 1,180 1,480 1,694 1,591 1,435 7,380 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Driver 
Contributing 
Circumstances 
Ran Traffic 
Signal 
20 25 28 15 14 102 1.7% 1.7% 1.7% 0.9% 1.0% 1.4% 
Ran Stop Sign 2 11 6 10 9 38 0.2% 0.7% 0.4% 0.6% 0.6% 0.5% 
Exceeded 
Authorized 
Speed 
6 7 6 14 4 37 0.5% 0.5% 0.4% 0.9% 0.3% 0.5% 
Driving Too Fast 
for Conditions 
56 46 76 55 62 295 4.7% 3.1% 4.5% 3.5% 4.3% 4.0% 
Made Improper 
Turn 
14 15 10 15 13 67 1.2% 1.0% 0.6% 0.9% 0.9% 0.9% 
Traveling Wrong 
Way or Wrong 
Side of Road 
8 7 8 9 8 40 0.7% 0.5% 0.5% 0.6% 0.6% 0.5% 
Crossed 
Centerline 
4 8 6 12 15 45 0.3% 0.5% 0.4% 0.8% 1.0% 0.6% 
Lost Control 69 104 118 116 103 510 5.8% 7.0% 7.0% 7.3% 7.2% 6.9% 
Followed Too 
Close 
111 151 179 128 144 713 9.4% 10.2% 10.6% 8.0% 10.0% 9.7% 
Avoiding 
Vehicle, Object 
in Roadway 
12 27 18 35 20 112 1.0% 1.8% 1.1% 2.2% 1.4% 1.5% 
Over 
Correcting/Over 
Steering 
3 6 4 7 7 27 0.3% 0.4% 0.2% 0.4% 0.5% 0.4% 
Operating 
Vehicle in an 
Aggressive 
Manner 
19 16 24 19 14 92 1.6% 1.1% 1.4% 1.2% 1.0% 1.2% 
Failed to Yield 
Right of Way 
98 130 131 126 108 593 8.3% 8.8% 7.7% 7.9% 7.5% 8.0% 
Inattentive 
Driving 
4 16 9 25 14 68 0.3% 1.1% 0.5% 1.6% 1.0% 0.9% 
Other 599 809 932 877 796 4,013 50.8% 54.7% 55.0% 55.1% 55.5% 54.4% 
Unknown 155 102 139 128 104 628 13.1% 6.9% 8.2% 8.0% 7.2% 8.5% 
Total 1,180 1,480 1,694 1,591 1,435 7,380 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Vehicle Body 
Type 
Passenger Car 635 833 903 837 738 3,946 53.8% 56.3% 53.3% 52.6% 51.4% 53.5% 
Four-Tire Light Truck 
(Pickup, Panel) 
162 214 270 227 231 1,104 13.7% 14.5% 15.9% 14.3% 16.1% 15.0% 
Van or Mini-Van 100 116 150 131 124 621 8.5% 7.8% 8.9% 8.2% 8.6% 8.4% 
Sport Utility Vehicle  97 117 178 192 162 746 8.2% 7.9% 10.5% 12.1% 11.3% 10.1% 
Single-Unit Truck (2-
Axle,6-Tire) 
23 25 23 34 14 119 1.9% 1.7% 1.4% 2.1% 1.0% 1.6% 
Single-Unit Truck (>= 3-
Axle) 
14 13 36 23 23 109 1.2% 0.9% 2.1% 1.4% 1.6% 1.5% 
Truck and Trailer(s)  22 20 18 5 4 69 1.9% 1.4% 1.1% 0.3% 0.3% 0.9% 
Truck Tractor (Bobtail) 3 1 4 1 1 10 0.3% 0.1% 0.2% 0.1% 0.1% 0.1% 
Tractor/Semi-trailer 60 85 54 84 77 360 5.1% 5.7% 3.2% 5.3% 5.4% 4.9% 
Other Heavy Truck 
(Cannot Classify) 
5 7 4 2 0 18 0.4% 0.5% 0.2% 0.1% 0.0% 0.2% 
Motor Home/Recreational 
Vehicle 
5 4 4 17 4 34 0.4% 0.3% 0.2% 1.1% 0.3% 0.5% 
Motorcycle 6 9 14 1 22 52 0.5% 0.6% 0.8% 0.1% 1.5% 0.7% 
School Bus (Seats>15) 3 3 3 0 3 12 0.3% 0.2% 0.2% 0.0% 0.2% 0.2% 
Other Bus 4 1 2 1 3 11 0.3% 0.1% 0.1% 0.1% 0.2% 0.1% 
Farm Vehicle/Equipment 1 1 2 5 3 12 0.1% 0.1% 0.1% 0.3% 0.2% 0.2% 
Maintenance/Construction 
Vehicle 
13 19 18 11 12 73 1.1% 1.3% 1.1% 0.7% 0.8% 1.0% 
Train 4 1 1 10 0 16 0.3% 0.1% 0.1% 0.6% 0.0% 0.2% 
Other 10 6 5 1 8 30 0.8% 0.4% 0.3% 0.1% 0.6% 0.4% 
Unknown 13 5 5 9 6 38 1.1% 0.3% 0.3% 0.6% 0.4% 0.5% 
Total 1,180 1,480 1,694 1,591 1,435 7,380 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.1 Detailed Work Zone Crash Characteristics – Iowa (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total% 
Vehicle 
Maneuver 
Before Crash  
Straight/Following 
Road  
666 817 895 857 792 4,027 56.4% 55.2% 52.8% 53.9% 55.2% 54.6% 
Turning Left 58 75 69 90 91 383 4.9% 5.1% 4.1% 5.7% 6.3% 5.2% 
Turning Right 26 45 36 27 24 158 2.2% 3.0% 2.1% 1.7% 1.7% 2.1% 
 Making U-Turn  5 4 4 6 7 26 0.4% 0.3% 0.2% 0.4% 0.5% 0.4% 
Overtaking 
(Passing)  
11 10 10 9 3 43 0.9% 0.7% 0.6% 0.6% 0.2% 0.6% 
Changing Lanes 34 46 65 66 56 267 2.9% 3.1% 3.8% 4.1% 3.9% 3.6% 
Entering Traffic 
Lane (Merging) 
37 79 77 57 43 293 3.1% 5.3% 4.5% 3.6% 3.0% 4.0% 
Leaving Traffic 
Lane  
4 10 7 7 4 32 0.3% 0.7% 0.4% 0.4% 0.3% 0.4% 
Backing  11 27 29 21 16 104 0.9% 1.8% 1.7% 1.3% 1.1% 1.4% 
Slowing/Stopping 213 228 337 278 267 1,323 18.1% 15.4% 19.9% 17.5% 18.6% 17.9% 
Stopped for Stop 
Sign/Signal 
52 50 66 78 69 315 4.4% 3.4% 3.9% 4.9% 4.8% 4.3% 
Legally Parked, 
Illegally Parked 
Vehicles 
15 29 42 35 25 146 1.3% 2.0% 2.5% 2.2% 1.7% 2.0% 
Unknown 48 60 57 60 38 263 4.1% 4.1% 3.4% 3.8% 2.6% 3.6% 
Total 1,180 1,480 1,694 1,591 1,435 7,380 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Light 
Conditions 
Daylight 1,225 1,367 1,561 1,049 1,415 6,617 73.8% 71.0% 71.7% 73.3% 76.1% 73.1% 
Dawn 29 40 36 17 37 159 1.7% 2.1% 1.7% 1.2% 2.0% 1.8% 
Dusk 26 47 45 28 26 172 1.6% 2.4% 2.1% 2.0% 1.4% 1.9% 
Dark Street Lights On 171 231 265 188 207 1,062 10.3% 12.0% 12.2% 13.1% 11.1% 11.7% 
Dark No Street Lights 193 232 266 146 173 1,010 11.6% 12.1% 12.2% 10.2% 9.3% 11.2% 
Unknown 15 7 5 3 2 32 0.9% 0.4% 0.2% 0.2% 0.1% 0.4% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Weather 
Conditions 
No Adverse Conditions 1,474 1,716 1,847 1,272 1,677 7,986 88.8% 89.2% 84.8% 88.9% 90.2% 88.2% 
Rain, Mist, Drizzle 113 136 235 108 133 725 6.8% 7.1% 10.8% 7.5% 7.2% 8.0% 
Sleet 6 4 3 1 9 23 0.4% 0.2% 0.1% 0.1% 0.5% 0.3% 
Snow 16 12 38 23 6 95 1.0% 0.6% 1.7% 1.6% 0.3% 1.0% 
Fog 10 13 8 4 2 37 0.6% 0.7% 0.4% 0.3% 0.1% 0.4% 
Smoke 0 1 0 0 0 1 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 
Strong Winds 14 19 16 8 11 68 0.8% 1.0% 0.7% 0.6% 0.6% 0.8% 
Blowing Dust, Sand, 
etc. 
4 0 3 0 2 9 0.2% 0.0% 0.1% 0.0% 0.1% 0.1% 
Freezing Rain 4 3 5 3 4 19 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 
Rain & Fog 0 0 2 0 3 5 0.0% 0.0% 0.1% 0.0% 0.2% 0.1% 
Rain & Wind 4 4 11 4 9 32 0.2% 0.2% 0.5% 0.3% 0.5% 0.4% 
Sleet & Fog 0 0 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Snow & Winds 6 11 1 2 0 20 0.4% 0.6% 0.0% 0.1% 0.0% 0.2% 
Other 8 5 9 6 4 32 0.5% 0.3% 0.4% 0.4% 0.2% 0.4% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Road Surface 
Condition 
Dry 1,427 1,671 1,797 1,215 1,652 7,762 86.0% 86.9% 82.5% 84.9% 88.8% 85.7% 
Wet 166 193 305 154 167 985 10.0% 10.0% 14.0% 10.8% 9.0% 10.9% 
Snow, Ice 40 41 54 47 26 208 2.4% 2.1% 2.5% 3.3% 1.4% 2.3% 
Mud, Sand & 
Debris 
15 13 15 10 9 62 0.9% 0.7% 0.7% 0.7% 0.5% 0.7% 
Other 11 6 7 5 6 35 0.7% 0.3% 0.3% 0.3% 0.3% 0.4% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Road Surface 
Type 
Concrete 593 691 932 569 820 3,605 35.7% 35.9% 42.8% 39.8% 44.1% 39.8% 
Blacktop 1,004 1,161 1,188 826 998 5,177 60.5% 60.3% 54.5% 57.7% 53.7% 57.2% 
Gravel 30 35 30 19 16 130 1.8% 1.8% 1.4% 1.3% 0.9% 1.4% 
Dirt 11 18 13 2 18 62 0.7% 0.9% 0.6% 0.1% 1.0% 0.7% 
Brick 12 8 4 6 5 35 0.7% 0.4% 0.2% 0.4% 0.3% 0.4% 
Other 9 11 11 9 3 43 0.5% 0.6% 0.5% 0.6% 0.2% 0.5% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Road 
Character 
Straight and Level 1,159 1,344 1,448 1,012 1,256 6,219 69.9% 69.9% 66.5% 70.7% 67.5% 68.7% 
Straight on Grade 316 366 449 257 394 1,782 19.0% 19.0% 20.6% 18.0% 21.2% 19.7% 
Straight on Hillcrest 25 24 37 23 24 133 1.5% 1.2% 1.7% 1.6% 1.3% 1.5% 
Curved and Level 76 95 113 70 86 440 4.6% 4.9% 5.2% 4.9% 4.6% 4.9% 
Curved on Grade 68 88 116 62 92 426 4.1% 4.6% 5.3% 4.3% 4.9% 4.7% 
Curved at Hillcrest 3 1 3 1 4 12 0.2% 0.1% 0.1% 0.1% 0.2% 0.1% 
Other 12 6 12 6 4 40 0.7% 0.3% 0.6% 0.4% 0.2% 0.4% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Construction/
Maintenance 
Zone 
Construction Zone 1,449 1,733 2,000 1,272 1,736 8,190 87.3% 90.1% 91.8% 88.9% 93.3% 90.5% 
Maintenance Zone 186 161 162 131 124 764 11.2% 8.4% 7.4% 9.2% 6.7% 8.4% 
Utility Zone 24 30 16 28 0 98 1.4% 1.6% 0.7% 2.0% 0.0% 1.1% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100% 100% 100% 100% 100% 100% 
              
Alcohol 
Involved 
No 1,591 1,837 2,073 1,377 1,790 8,668 95.9% 95.5% 95.2% 96.2% 96.2% 95.8% 
Yes 68 87 105 54 70 384 4.1% 4.5% 4.8% 3.8% 3.8% 4.2% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100% 100% 100% 100% 100% 100% 
              
Crash Severity 
Fatal 16 13 20 7 14 70 1.0% 0.7% 0.9% 0.5% 0.8% 0.8% 
Injury 401 422 509 328 452 2,112 24.2% 21.9% 23.4% 22.9% 24.3% 23.3% 
PDO 1,242 1,489 1,649 1,096 1,394 6,870 74.9% 77.4% 75.7% 76.6% 74.9% 75.9% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100% 100% 100% 100% 100% 100% 
              
Accident Class 
Other Non-Collision 47 36 50 41 34 208 2.8% 1.9% 2.3% 2.9% 1.8% 2.3% 
Overturned 66 65 54 34 50 269 4.0% 3.4% 2.5% 2.4% 2.7% 3.0% 
Other Motor Vehicle 1,114 1,358 1,537 990 1,360 6,359 67.1% 70.6% 70.6% 69.2% 73.1% 70.2% 
Parked Motor Vehicle 63 44 59 45 44 255 3.8% 2.3% 2.7% 3.1% 2.4% 2.8% 
Animal 111 127 128 77 85 528 6.7% 6.6% 5.9% 5.4% 4.6% 5.8% 
Fixed Object 194 234 277 191 228 1,124 11.7% 12.2% 12.7% 13.3% 12.3% 12.4% 
Other 64 60 73 53 59 243 3.9% 3.1% 3.4% 3.7% 3.2% 3.4% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100% 100% 100% 100% 100% 100% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Crash 
Location 
On Roadway: On-
Intersection 
905 1,026 1,182 803 1,096 5,012 54.6% 53.3% 54.3% 56.1% 58.9% 55.4% 
Intersection 236 257 291 167 224 1,175 14.2% 13.4% 13.4% 11.7% 12.0% 13.0% 
Intersection Related 212 240 230 190 209 1,081 12.8% 12.5% 10.6% 13.3% 11.2% 11.9% 
Parking Lot or 
Driveway Access 
75 95 63 50 46 329 4.5% 4.9% 2.9% 3.5% 2.5% 3.6% 
Interchange Area 161 202 273 137 186 959 9.7% 10.5% 12.5% 9.6% 10.0% 10.6% 
On Crossover & 
Parking Lot 
1 5 3 1 1 11 0.1% 0.3% 0.1% 0.1% 0.1% 0.1% 
Off Roadway: 
Roadside 
55 83 111 70 72 391 3.3% 4.3% 5.1% 4.9% 3.9% 4.3% 
Median 14 15 24 12 25 90 0.8% 0.8% 1.1% 0.8% 1.3% 1.0% 
Other 0 1 1 1 1 4 0.0% 0.1% 0.0% 0.1% 0.1% 0.0% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Collision with 
Other Motor 
Vehicle 
Head On 17 16 15 17 22 87 1.0% 0.8% 0.7% 1.2% 1.2% 1.0% 
Rear End 642 757 924 580 838 3,741 38.7% 39.3% 42.4% 40.5% 45.1% 41.3% 
Angle-Side Impact 307 337 347 224 266 1,481 18.5% 17.5% 15.9% 15.7% 14.3% 16.4% 
Sideswipe: 
Opposite Direction 
20 24 16 12 20 92 1.2% 1.2% 0.7% 0.8% 1.1% 1.0% 
Sideswipe: Same 
Direction 
80 166 184 124 178 732 4.8% 8.6% 8.4% 8.7% 9.6% 8.1% 
Backed Into 28 30 35 23 25 141 1.7% 1.6% 1.6% 1.6% 1.3% 1.6% 
Other 16 26 14 9 10 75 1.0% 1.4% 0.6% 0.6% 0.5% 0.8% 
Unknown 549 568 643 442 501 2,703 33.1% 29.5% 29.5% 30.9% 26.9% 29.9% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 
 
 
 
 94 
Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Crash Type 
Single Vehicle 535 556 622 430 488 2,631 32.2% 28.9% 28.6% 30.0% 26.2% 29.1% 
Two Vehicles 959 1,204 1,288 846 1,123 5,420 57.8% 62.6% 59.1% 59.1% 60.4% 59.9% 
More Than Two 
Vehicles 
165 164 268 155 249 1,001 9.9% 8.5% 12.3% 10.8% 13.4% 11.1% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Speed Limit 
0 - 20 mph 53 47 80 30 35 245 3.2% 2.4% 3.7% 2.1% 1.9% 2.7% 
21 - 30 mph 313 259 353 221 267 1,413 18.9% 13.5% 16.2% 15.4% 14.4% 15.6% 
31 - 40 mph 302 390 449 325 435 1,901 18.2% 20.3% 20.6% 22.7% 23.4% 21.0% 
41 - 50 mph 233 290 230 188 170 1,111 14.0% 15.1% 10.6% 13.1% 9.1% 12.3% 
51 - 60 mph 460 569 669 327 293 2,318 27.7% 29.6% 30.7% 22.9% 15.8% 25.6% 
61 - 70 mph 248 266 332 311 617 1,774 14.9% 13.8% 15.2% 21.7% 33.2% 19.6% 
Unknown 50 103 65 29 43 290 3.0% 5.4% 3.0% 2.0% 2.3% 3.2% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Day Of 
Accident 
Sunday 128 189 212 118 135 782 7.7% 9.8% 9.7% 8.2% 7.3% 8.6% 
Monday 260 262 302 219 253 1,296 15.7% 13.6% 13.9% 15.3% 13.6% 14.3% 
Tuesday 254 297 300 230 293 1,374 15.3% 15.4% 13.8% 16.1% 15.8% 15.2% 
Wednesday 285 275 356 208 310 1,434 17.2% 14.3% 16.3% 14.5% 16.7% 15.8% 
Thursday 240 308 327 234 320 1,429 14.5% 16.0% 15.0% 16.4% 17.2% 15.8% 
Friday 299 328 390 255 350 1,622 18.0% 17.0% 17.9% 17.8% 18.8% 17.9% 
Saturday 193 265 291 167 199 1,115 11.6% 13.8% 13.4% 11.7% 10.7% 12.3% 
Total 1,659 1,924 2,178 1,431 1,860 9,052 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Vehicle 
Body 
Type 
Automobile 1,839 1,820 2,067 1,272 1,777 8,775 61.59% 52.12% 50.76% 48.35% 49.68% 52.36% 
Motorcycle 24 22 33 15 25 119 0.80% 0.63% 0.81% 0.57% 0.70% 0.71% 
Motor Scooter or 
Moped 
0 1 1 1 1 4 0.00% 0.03% 0.02% 0.04% 0.03% 0.02% 
Van 256 238 337 193 295 1,319 8.57% 6.82% 8.28% 7.34% 8.25% 7.87% 
Pickup Truck 594 674 769 487 621 3,145 19.89% 19.30% 18.89% 18.51% 17.36% 18.77% 
Sport Utility 
Vehicle 
3 410 508 396 543 1,860 0.10% 11.74% 12.48% 15.05% 15.18% 11.10% 
Camper or RV 5 5 4 0 4 18 0.17% 0.14% 0.10% 0.00% 0.11% 0.11% 
Farm Equipment 3 1 4 3 4 15 0.10% 0.03% 0.10% 0.11% 0.11% 0.09% 
Single Large 
Truck 
79 88 102 88 89 446 2.65% 2.52% 2.50% 3.34% 2.49% 2.66% 
Truck and 
Trailer(s) 
11 9 16 12 23 71 0.37% 0.26% 0.39% 0.46% 0.64% 0.42% 
Tractor-Trailer(s) 110 172 178 127 153 740 3.68% 4.93% 4.37% 4.83% 4.28% 4.42% 
School Bus 8 6 5 5 6 30 0.27% 0.17% 0.12% 0.19% 0.17% 0.18% 
Transit Bus 5 4 1 2 1 13 0.17% 0.11% 0.02% 0.08% 0.03% 0.08% 
Train 1 1 0 2 1 5 0.03% 0.03% 0.00% 0.08% 0.03% 0.03% 
Emergency 
Vehicles 
0 1 2 2 1 6 0.00% 0.03% 0.05% 0.08% 0.03% 0.04% 
Unknown/Other 48 40 45 26 33 192 1.61% 1.15% 1.11% 0.99% 0.92% 1.15% 
Total 2,986 3,492 4,072 2,631 3,577 16,758 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Vehicle 
Maneuver 
Before Crash 
Straight/Following 
Road 
1,527 1,787 2,115 1,322 1,780 8,531 51.1% 51.2% 51.9% 50.2% 49.8% 50.9% 
Left Turn 201 201 181 147 159 889 6.7% 5.8% 4.4% 5.6% 4.4% 5.3% 
Right Turn 62 102 88 52 77 381 2.1% 2.9% 2.2% 2.0% 2.2% 2.3% 
U-Turn 12 17 11 10 13 63 0.4% 0.5% 0.3% 0.4% 0.4% 0.4% 
Changing Lanes, 
Overtaking 
117 159 183 117 176 752 3.9% 4.6% 4.5% 4.4% 4.9% 4.5% 
Avoiding Maneuver 102 113 110 67 117 509 3.4% 3.2% 2.7% 2.5% 3.3% 3.0% 
Merging 62 75 85 53 64 339 2.1% 2.1% 2.1% 2.0% 1.8% 2.0% 
Backing 72 62 68 48 53 303 2.4% 1.8% 1.7% 1.8% 1.5% 1.8% 
Stopped Awaiting 
Turn 
66 79 72 60 55 332 2.2% 2.3% 1.8% 2.3% 1.5% 2.0% 
Stopped in Traffic 370 442 593 338 472 2,215 12.4% 12.7% 14.6% 12.8% 13.2% 13.2% 
Parking 7 5 8 7 4 31 0.2% 0.1% 0.2% 0.3% 0.1% 0.2% 
Disabled in 
Roadway 
2 8 7 8 2 27 0.1% 0.2% 0.2% 0.3% 0.1% 0.2% 
Slowing or Stopping 330 399 494 352 550 2,125 11.1% 11.4% 12.1% 13.4% 15.4% 12.7% 
Unknown/Other 56 43 57 50 55 261 1.9% 1.2% 1.4% 1.9% 1.5% 1.6% 
Total 2,986 3,492 4,072 2,631 3,577 16,758 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Vehicle 
Damage 
None 145 169 204 123 150 791 4.9% 4.8% 5.0% 4.7% 4.2% 4.7% 
Damage (minor) 931 1,042 1,222 769 947 4,911 31.2% 29.8% 30.0% 29.2% 26.5% 29.3% 
Functional 1,022 1,307 1,460 975 1,369 6,133 34.2% 37.4% 35.9% 37.1% 38.3% 36.6% 
Disabling 690 795 960 600 879 3,924 23.1% 22.8% 23.6% 22.8% 24.6% 23.4% 
Destroyed 126 116 136 108 140 626 4.2% 3.3% 3.3% 4.1% 3.9% 3.7% 
Other 72 63 90 56 92 373 2.4% 1.8% 2.2% 2.1% 2.6% 2.2% 
Total 2,986 3,492 4,072 2,631 3,577 16,758 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Traffic 
Controls 
None 364 333 366 252 255 1,570 16.1% 12.4% 11.9% 13.1% 10.3% 12.7% 
Office/Flagger 36 43 52 33 35 199 1.6% 1.6% 1.7% 1.7% 1.4% 1.6% 
Traffic Signal 340 403 473 287 392 1,895 15.0% 15.0% 15.4% 15.0% 15.9% 15.3% 
Stop Sign 149 151 172 116 128 716 6.6% 5.6% 5.6% 6.0% 5.2% 5.8% 
Flasher & Yield 
Sign 
29 54 47 27 31 188 1.3% 2.0% 1.5% 1.4% 1.3% 1.5% 
RR Crossing Signal 8 3 6 6 1 24 0.4% 0.1% 0.2% 0.3% 0.0% 0.2% 
No Passing Zone 143 161 159 85 93 641 6.3% 6.0% 5.2% 4.4% 3.8% 5.2% 
Center/Edge Lines 984 1,317 1,521 968 1,380 6,170 43.4% 49.1% 49.6% 50.4% 55.9% 49.8% 
Unknown/Other 212 215 270 145 152 994 9.4% 8.0% 8.8% 7.6% 6.2% 8.0% 
Total 2,265 2,680 3,066 1,919 2,467 12,397 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Driver Age 
Young Age 885 1,022 1,203 761 1,053 4,924 29.7% 29.4% 29.6% 29.0% 29.5% 29.5% 
Middle Age 1,825 2,175 2,537 1,685 2,240 10,462 61.3% 62.5% 62.5% 64.3% 62.7% 62.6% 
Old Age 268 285 321 176 280 1,330 9.0% 8.2% 7.9% 6.7% 7.8% 8.0% 
Total 2,978 3,482 4,061 2,622 3,573 16,716 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Driver 
Gender 
Male 1,746 2,059 2,391 1,551 2,090 9,837 58.6% 59.1% 58.9% 59.2% 58.5% 58.8% 
Female 1,155 1,339 1,552 1,011 1,399 6,456 38.8% 38.5% 38.2% 38.6% 39.2% 38.6% 
Unknown 77 84 118 60 84 423 2.6% 2.4% 2.9% 2.3% 2.4% 2.5% 
Total 2,978 3,482 4,061 2,622 3,573 16,716 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Driver 
Contributing 
Circumstances 
Category 
Under the Influence of 
Illegal Drugs 
7 10 4 4 10 35 0.4% 0.5% 0.2% 0.3% 0.5% 0.3% 
Under the Influence of 
Alcohol 
52 77 97 49 64 339 2.8% 3.6% 3.7% 3.1% 3.0% 3.3% 
Failed to Yield Right of 
Way 
159 163 189 109 139 759 8.6% 7.5% 7.3% 7.0% 6.5% 7.4% 
Disregarded Traffic 
Signs, Signals, Markings 
95 105 139 70 104 513 5.1% 4.9% 5.4% 4.5% 4.9% 5.0% 
Exceeded Posted Speed 
Limit 
27 13 27 21 23 111 1.5% 0.6% 1.0% 1.3% 1.1% 1.1% 
Too Fast for Conditions 149 198 276 144 159 926 8.0% 9.2% 10.6% 9.2% 7.5% 9.0% 
Made Improper Turn 38 60 50 38 58 244 2.0% 2.8% 1.9% 2.4% 2.7% 2.4% 
Wrong Side or Wrong 
Way 
20 22 13 9 22 86 1.1% 1.0% 0.5% 0.6% 1.0% 0.8% 
Followed too Closely 254 357 454 281 417 1,763 13.7% 16.5% 17.5% 18.0% 19.6% 17.1% 
Improper Lane Change 62 87 112 70 126 457 3.3% 4.0% 4.3% 4.5% 5.9% 4.4% 
Improper Backing 30 20 30 21 28 129 1.6% 0.9% 1.2% 1.3% 1.3% 1.3% 
Improper Passing 17 23 21 11 18 90 0.9% 1.1% 0.8% 0.7% 0.8% 0.9% 
Improper or No Signal 3 0 7 0 3 13 0.2% 0.0% 0.3% 0.0% 0.1% 0.1% 
Improper Parking 2 0 3 2 2 9 0.1% 0.0% 0.1% 0.1% 0.1% 0.1% 
Fell Asleep 28 19 16 16 29 108 1.5% 0.9% 0.6% 1.0% 1.4% 1.0% 
Inattention 797 835 950 587 761 3,930 43.0% 38.7% 36.7% 37.6% 35.7% 38.2% 
Did Not Comply-License 
Restrictions 
10 17 19 9 8 63 0.5% 0.8% 0.7% 0.6% 0.4% 0.6% 
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Table A.2 Detailed Work Zone Crash Characteristics – Kansas (Contd..) 
Driver 
Contributing 
Circumstances 
Other Distractions 19 20 34 15 18 106 1.0% 0.9% 1.3% 1.0% 0.8% 1.0% 
Avoidance or Evasive 
Action 
59 67 67 52 74 319 3.2% 3.1% 2.6% 3.3% 3.5% 3.1% 
Too Slow for Traffic 7 5 3 4 7 26 0.4% 0.2% 0.1% 0.3% 0.3% 0.3% 
Ill or Medical 
Condition 
12 11 11 12 7 53 0.6% 0.5% 0.4% 0.8% 0.3% 0.5% 
Distraction-Mobile 
(cell)Phone 
0 5 6 9 3 23 0.0% 0.2% 0.2% 0.6% 0.1% 0.2% 
Distraction-Other 
Electronic Devices 
0 2 9 2 3 16 0.0% 0.1% 0.3% 0.1% 0.1% 0.2% 
Aggressive 
/Antagonistic Driving 
0 2 12 6 14 34 0.0% 0.1% 0.5% 0.4% 0.7% 0.3% 
Reckless /Careless 
Driving 
0 34 34 19 32 119 0.0% 1.6% 1.3% 1.2% 1.5% 1.2% 
Unknown 7 7 9 3 0 26 0.4% 0.3% 0.3% 0.2% 0.0% 0.3% 
Total 1,854 2,159 2,592 1,563 2,129 10,297 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri 
 
 
 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Day of Week 
Sunday 390 334 219 184 247 1,374 8.1% 7.5% 6.3% 5.8% 7.2% 7.1% 
Monday 688 681 530 436 427 2,762 14.2% 15.2% 15.3% 13.8% 12.5% 14.3% 
Tuesday 782 748 582 547 552 3,211 16.2% 16.7% 16.9% 17.4% 16.1% 16.6% 
Wednesday 783 767 561 581 587 3,279 16.2% 17.2% 16.2% 18.5% 17.1% 17.0% 
Thursday 832 722 598 532 559 3,243 17.2% 16.1% 17.3% 16.9% 16.3% 16.8% 
Friday 862 752 630 563 668 3,475 17.8% 16.8% 18.2% 17.9% 19.5% 18.0% 
Saturday 501 465 331 305 385 1,987 10.4% 10.4% 9.6% 9.7% 11.2% 10.3% 
unknown 1 3 3 1 1 9 0.0% 0.1% 0.1% 0.0% 0.0% 0.0% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Accident 
Severity 
Fatal 26 21 22 15 16 100 0.5% 0.5% 0.6% 0.5% 0.5% 0.5% 
Injury 1,090 1,014 781 677 780 4,342 22.5% 22.7% 22.6% 21.5% 22.8% 22.5% 
PDO 3,723 3,437 2,651 2,457 2,630 14,898 76.9% 76.9% 76.8% 78.0% 76.8% 77.0% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Number of 
Vehicles 
Single Vehicle 943 824 656 560 643 3,626 19.5% 18.4% 19.0% 17.8% 18.8% 18.7% 
Two Vehicles 3,313 3,074 2,418 2,229 2,404 13,438 68.5% 68.7% 70.0% 70.8% 70.2% 69.5% 
Multiple Vehicles 583 574 380 360 379 2,276 12.0% 12.8% 11.0% 11.4% 11.1% 11.8% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Lights 
Conditions 
Daylight 3,657 3,464 2,660 2,468 2,543 14,792 75.6% 77.5% 77.0% 78.4% 74.2% 76.5% 
Dark - Streetlights 
On 
524 485 392 355 407 2,163 10.8% 10.8% 11.3% 11.3% 11.9% 11.2% 
Dark - Streetlights 
Off 
43 39 33 19 35 169 0.9% 0.9% 1.0% 0.6% 1.0% 0.9% 
Dark - No 
Streetlights 
541 416 320 267 392 1,936 11.2% 9.3% 9.3% 8.5% 11.4% 10.0% 
Indeterminate 74 68 49 40 49 280 1.5% 1.5% 1.4% 1.3% 1.4% 1.4% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Road 
Surface 
Concrete 1,318 1,232 821 809 847 5,027 27.2% 27.5% 23.8% 25.7% 24.7% 26.0% 
Asphalt/Bituminous 3,029 2,834 2,292 2,100 2,332 12,587 62.6% 63.4% 66.4% 66.7% 68.1% 65.1% 
Brick, Gravel & 
Sand 
37 30 34 25 20 146 0.8% 0.7% 1.0% 0.8% 0.6% 0.8% 
Multi Surface 235 174 109 116 149 783 4.9% 3.9% 3.2% 3.7% 4.3% 4.0% 
Unknown 220 202 198 99 78 797 4.5% 4.5% 5.7% 3.1% 2.3% 4.1% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Road 
Conditions 
Dry 4,056 3,747 2,877 2,772 3,062 16,514 83.8% 83.8% 83.3% 88.0% 89.4% 85.4% 
Wet 681 606 502 321 307 2,417 14.1% 13.6% 14.5% 10.2% 9.0% 12.5% 
Snow, Ice, Slush 57 76 41 29 23 226 1.2% 1.7% 1.2% 0.9% 0.7% 1.2% 
Mud, Standing & 
Moving Water 
11 4 6 5 6 32 0.2% 0.1% 0.2% 0.2% 0.2% 0.2% 
Unknown 34 39 28 22 28 151 0.7% 0.9% 0.8% 0.7% 0.8% 0.8% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Weather 
Conditions 
Clear 3,130 2,987 2,199 2,250 2,430 12,996 64.7% 66.8% 63.7% 71.5% 70.9% 67.2% 
Cloudy 1,119 958 839 656 784 4,356 23.1% 21.4% 24.3% 20.8% 22.9% 22.5% 
Rain 327 277 213 118 120 1,055 6.8% 6.2% 6.2% 3.7% 3.5% 5.5% 
Snow, Sleet 51 58 19 26 16 170 1.1% 1.3% 0.6% 0.8% 0.5% 0.9% 
Freezing, Fog 29 29 23 19 15 115 0.6% 0.6% 0.7% 0.6% 0.4% 0.6% 
Unknown 183 163 161 80 61 648 3.8% 3.6% 4.7% 2.5% 1.8% 3.4% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Road Type 1 
Straight 3,913 3,624 2,858 2,700 2,863 15,958 80.9% 81.0% 82.7% 85.7% 83.6% 82.5% 
Curve 729 652 409 358 491 2,639 15.1% 14.6% 11.8% 11.4% 14.3% 13.6% 
Unknown 197 196 187 91 72 743 4.1% 4.4% 5.4% 2.9% 2.1% 3.8% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Road Type 2 
Level 3,201 3,050 2,357 2,094 2,305 13,007 66.2% 68.2% 68.2% 66.5% 67.3% 67.3% 
Hill/Grade 1,253 1,119 822 875 942 5,011 25.9% 25.0% 23.8% 27.8% 27.5% 25.9% 
Crest 143 80 66 69 82 440 3.0% 1.8% 1.9% 2.2% 2.4% 2.3% 
Unknown 242 223 209 111 97 882 5.0% 5.0% 6.1% 3.5% 2.8% 4.6% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Accident Type 
Animal, Bicyclist 34 32 17 10 19 112 0.7% 0.7% 0.5% 0.3% 0.6% 0.6% 
Fixed Object 693 596 447 390 432 2,558 14.3% 13.3% 12.9% 12.4% 12.6% 13.2% 
Other Object 177 154 149 114 158 752 3.7% 3.4% 4.3% 3.6% 4.6% 3.9% 
Pedestrian, Train 24 27 26 24 27 128 0.5% 0.6% 0.8% 0.8% 0.8% 0.7% 
Motor Vehicle in 
Transport 
3,641 3,436 2,587 2,420 2,592 14,676 75.2% 76.8% 74.9% 76.8% 75.7% 75.9% 
Motor Vehicle on 
Other Roadway 
5 8 8 6 8 35 0.1% 0.2% 0.2% 0.2% 0.2% 0.2% 
Parked Motor 
Vehicle 
122 106 114 101 86 529 2.5% 2.4% 3.3% 3.2% 2.5% 2.7% 
Non-Collision 
Overturn 
76 67 50 36 44 273 1.6% 1.5% 1.4% 1.1% 1.3% 1.4% 
Non-Collision 
Other 
67 46 56 48 60 277 1.4% 1.0% 1.6% 1.5% 1.8% 1.4% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
On/Off 
Roadway 
On Roadway 4,013 3,746 2,857 2,668 2,906 16,190 82.9% 83.8% 82.7% 84.7% 84.8% 83.7% 
Off Roadway 826 726 597 481 520 3,150 17.1% 16.2% 17.3% 15.3% 15.2% 16.3% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
At/Not at 
Intersection 
At Intersection 408 404 297 288 286 1,683 8.4% 9.0% 8.6% 9.1% 8.3% 8.7% 
Not At 
Intersection 
4,431 4,068 3,157 2,861 3,140 17,657 91.6% 91.0% 91.4% 90.9% 91.7% 91.3% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Drink/Drug 
Involved 
Yes 166 149 114 92 110 631 3.4% 3.3% 3.3% 2.9% 3.2% 3.3% 
No 4,556 4,177 3,249 3,012 3,251 18,245 94.2% 93.4% 94.1% 95.6% 94.9% 94.3% 
Unknown 117 146 91 45 65 464 2.4% 3.3% 2.6% 1.4% 1.9% 2.4% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Construction 
Zone Involved 
Construction 
Zone Involved 
4,416 4,086 3,008 2,690 2,957 17,157 91.3% 91.4% 87.1% 85.4% 86.3% 88.7% 
No Construction 
Zone Involved 
423 386 446 459 469 2,183 8.7% 8.6% 12.9% 14.6% 13.7% 11.3% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Emergency 
Vehicle 
Involved 
Emergency 
Vehicle 
26 17 15 12 13 83 0.5% 0.4% 0.4% 0.4% 0.4% 0.4% 
Not an 
Emergency 
Vehicle 
4,813 4,455 3,439 3,137 3,413 19,257 99.5% 99.6% 99.6% 99.6% 99.6% 99.6% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Speed Limit 
0 - 20 mph 72 77 65 74 60 348 1.5% 1.7% 1.9% 2.3% 1.8% 1.8% 
21 - 30 mph 603 627 455 475 420 2,580 12.5% 14.0% 13.2% 15.1% 12.3% 13.3% 
31 - 40 mph 1,094 889 793 698 725 4,199 22.6% 19.9% 23.0% 22.2% 21.2% 21.7% 
41 - 50 mph 1,385 1,101 790 673 817 4,766 28.6% 24.6% 22.9% 21.4% 23.8% 24.6% 
51 - 60 mph 1,111 1,046 666 697 836 4,356 23.0% 23.4% 19.3% 22.1% 24.4% 22.5% 
61 - 70 mph 276 327 335 343 378 1,659 5.7% 7.3% 9.7% 10.9% 11.0% 8.6% 
71 - 80 mph 0 0 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Unknown 298 405 350 189 190 1,432 6.2% 9.1% 10.1% 6.0% 5.5% 7.4% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Manner of 
Collision 
Head On 47 43 39 30 26 185 1.0% 1.0% 1.1% 1.0% 0.8% 1.0% 
Rear End 2,094 1,997 1,502 1,434 1,544 8,571 43.3% 44.7% 43.5% 45.5% 45.1% 44.3% 
Angle 664 658 465 453 453 2,693 13.7% 14.7% 13.5% 14.4% 13.2% 13.9% 
Sideswipe: Opposite 
Direction 
53 51 47 50 44 245 1.1% 1.1% 1.4% 1.6% 1.3% 1.3% 
Sideswipe: Same 
Direction 
679 634 514 408 486 2,721 14.0% 14.2% 14.9% 13.0% 14.2% 14.1% 
Backed Into 110 94 81 98 77 460 2.3% 2.1% 2.3% 3.1% 2.2% 2.4% 
Non-Collision 1,071 922 745 622 740 4,100 22.1% 20.6% 21.6% 19.8% 21.6% 21.2% 
Unknown/Other 121 73 61 54 56 365 2.5% 1.6% 1.8% 1.7% 1.6% 1.9% 
Total 4,839 4,472 3,454 3,149 3,426 19,340 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Traffic 
Control 
Stop Sign 192 256 230 176 239 1,093 2.0% 2.9% 3.4% 2.9% 3.3% 2.8% 
Electric Signal 876 780 597 646 671 3,570 9.3% 8.8% 8.9% 10.5% 9.2% 9.3% 
Yield Sign 84 118 92 87 113 494 0.9% 1.3% 1.4% 1.4% 1.5% 1.3% 
Officer/Flagman 175 179 187 189 178 908 1.8% 2.0% 2.8% 3.1% 2.4% 2.4% 
No Passing Zone 268 429 291 484 748 2,220 2.8% 4.8% 4.3% 7.9% 10.3% 5.8% 
None 850 789 631 636 674 3,580 9.0% 8.9% 9.4% 10.3% 9.2% 9.3% 
Unknown/Other 7,025 6,331 4,697 3,940 4,673 26,666 74.2% 71.3% 69.8% 64.0% 64.0% 69.2% 
Total 9,470 8,882 6,725 6,158 7,296 38,531 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Driver Age 
Young Age 2,203 1,921 1,331 1,258 1,496 8,209 23.3% 21.6% 19.8% 20.4% 20.5% 21.3% 
Middle Age 6,104 5,761 4,369 4,022 4,803 25,059 64.5% 64.9% 65.0% 65.3% 65.8% 65.0% 
Old Age 618 630 523 491 585 2,847 6.5% 7.1% 7.8% 8.0% 8.0% 7.4% 
Unknown 545 570 502 387 412 2,416 5.8% 6.4% 7.5% 6.3% 5.6% 6.3% 
Total 9,470 8,882 6,725 6,158 7,296 38,531 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Driver Sex 
Male 5,491 5,087 3,816 3,566 4,358 22,318 58.0% 57.3% 56.7% 57.9% 59.7% 57.9% 
Female 3,262 3,181 2,330 2,225 2,566 13,564 34.4% 35.8% 34.6% 36.1% 35.2% 35.2% 
Unknown 717 614 579 367 372 2,649 7.6% 6.9% 8.6% 6.0% 5.1% 6.9% 
Total 9,470 8,882 6,725 6,158 7,296 38,531 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Contributing 
Circumstances 
Vehicle Defects 136 104 76 67 84 467 1.4% 1.2% 1.1% 1.1% 1.2% 1.2% 
Traffic Control 
Inoperable or 
Missing 
28 19 29 10 22 108 0.3% 0.2% 0.4% 0.2% 0.3% 0.3% 
Improperly Stopped 
on Roadway 
42 26 28 30 33 159 0.4% 0.3% 0.4% 0.5% 0.5% 0.4% 
Speed-Exceeded 
Limit 
137 109 84 64 61 455 1.4% 1.2% 1.2% 1.0% 0.8% 1.2% 
Too Fast for 
Conditions 
747 782 542 420 547 3,038 7.9% 8.8% 8.1% 6.8% 7.5% 7.9% 
Improper Passing 83 88 67 64 88 390 0.9% 1.0% 1.0% 1.0% 1.2% 1.0% 
Violation 
Signal/Sign 
73 83 62 52 61 331 0.8% 0.9% 0.9% 0.8% 0.8% 0.9% 
Wrong Side 32 28 34 33 19 146 0.3% 0.3% 0.5% 0.5% 0.3% 0.4% 
Following too Close 1,027 1,027 711 755 877 4,397 10.8% 11.6% 10.6% 12.3% 12.0% 11.4% 
Improper Signal 12 1 1 1 6 21 0.1% 0.0% 0.0% 0.0% 0.1% 0.1% 
Improper Backing 80 66 58 63 65 332 0.8% 0.7% 0.9% 1.0% 0.9% 0.9% 
Improper Turn 94 93 76 62 69 394 1.0% 1.0% 1.1% 1.0% 0.9% 1.0% 
Improper Lane 
Usage/Change 
600 523 454 401 541 2,519 6.3% 5.9% 6.8% 6.5% 7.4% 6.5% 
Wrong Way (One-
Way) 
7 9 2 4 3 25 0.1% 0.1% 0.0% 0.1% 0.0% 0.1% 
Improper Start from 
Park 
5 6 3 9 9 32 0.1% 0.1% 0.0% 0.1% 0.1% 0.1% 
Improper Parked 4 3 5 3 1 16 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 
Failed to Yield 404 404 313 271 333 1,725 4.3% 4.5% 4.7% 4.4% 4.6% 4.5% 
Alcohol 67 58 51 43 46 265 0.7% 0.7% 0.8% 0.7% 0.6% 0.7% 
Drugs 3 2 3 2 1 11 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Physical Impairment 64 46 28 44 37 219 0.7% 0.5% 0.4% 0.7% 0.5% 0.6% 
Inattention 1,098 951 732 708 803 4,292 11.6% 10.7% 10.9% 11.5% 11.0% 11.1% 
None 4,612 4,272 3,252 3,003 3,536 18,675 48.7% 48.1% 48.4% 48.8% 48.5% 48.5% 
Unknown 115 182 114 49 54 514 1.2% 2.0% 1.7% 0.8% 0.7% 1.3% 
Total 9,470 8,882 6,725 6,158 7,296 38,531 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Vehicle 
Body Type 
Passenger Car 4,886 4,482 3,250 2,862 3,375 18,855 51.6% 50.5% 48.3% 46.5% 46.3% 48.9% 
Station Wagon 80 71 53 42 37 283 0.8% 0.8% 0.8% 0.7% 0.5% 0.7% 
SUV 1,002 983 821 802 913 4,521 10.6% 11.1% 12.2% 13.0% 12.5% 11.7% 
Van 750 686 518 456 566 2,976 7.9% 7.7% 7.7% 7.4% 7.8% 7.7% 
Small Bus ( 9-15 
with driver) 
25 15 25 15 31 111 0.3% 0.2% 0.4% 0.2% 0.4% 0.3% 
Bus (16 or more 
with driver) 
25 21 23 21 91 181 0.3% 0.2% 0.3% 0.3% 1.2% 0.5% 
School Bus(< 16 
with driver) 
18 10 5 14 4 51 0.2% 0.1% 0.1% 0.2% 0.1% 0.1% 
School Bus (16 or 
more with driver) 
28 19 5 17 10 79 0.3% 0.2% 0.1% 0.3% 0.1% 0.2% 
Motorcycle 40 54 35 35 41 205 0.4% 0.6% 0.5% 0.6% 0.6% 0.5% 
Motor Home or 
Camper 
16 17 21 15 21 90 0.2% 0.2% 0.3% 0.2% 0.3% 0.2% 
Farm Implements 4 3 3 3 3 16 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Construction 
Equipments 
52 46 50 39 58 245 0.5% 0.5% 0.7% 0.6% 0.8% 0.6% 
Other Transport 
Device 
9 12 13 6 9 49 0.1% 0.1% 0.2% 0.1% 0.1% 0.1% 
Pickup 1,526 1,389 1,102 1,036 1,117 6,170 16.1% 15.6% 16.4% 16.8% 15.3% 16.0% 
Single-Unit Truck : 
2 axles 6 tires 
205 212 155 157 156 885 2.2% 2.4% 2.3% 2.5% 2.1% 2.3% 
Single-Unit Truck:3 
or more axles 
115 108 87 96 77 483 1.2% 1.2% 1.3% 1.6% 1.1% 1.3% 
Truck Tractor with 
No Units 
20 23 14 16 22 95 0.2% 0.3% 0.2% 0.3% 0.3% 0.2% 
Truck Tractor with 
One Unit 
548 603 433 439 635 2,658 5.8% 6.8% 6.4% 7.1% 8.7% 6.9% 
Truck Tractor with 
Two Units 
23 22 22 27 39 133 0.2% 0.2% 0.3% 0.4% 0.5% 0.3% 
Other Heavy Truck 30 34 35 34 35 168 0.3% 0.4% 0.5% 0.6% 0.5% 0.4% 
Unknown/Other 68 72 55 26 56 277 0.7% 0.8% 0.8% 0.4% 0.8% 0.7% 
Total 9,470 8,882 6,725 6,158 7,296 38,531 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.3 Detailed Work Zone Crash Characteristics – Missouri (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Vehicle 
Maneuver 
Before 
Crash 
Going Straight 6,735 6,311 4,778 4,423 5,117 27,364 67.9% 68.6% 68.6% 69.8% 68.6% 68.6% 
Over Taking 62 62 28 33 71 256 0.5% 0.3% 0.2% 0.4% 0.4% 0.4% 
Making Right Turn 123 119 105 74 83 504 1.5% 1.5% 1.6% 1.4% 1.3% 1.5% 
Making Left Turn 298 252 178 153 150 1,031 3.8% 3.0% 2.9% 2.7% 2.5% 3.1% 
Making U Turn 8 15 7 8 8 46 0.0% 0.2% 0.1% 0.1% 0.2% 0.1% 
Skidding/Sliding 55 57 38 38 42 230 0.4% 0.6% 0.5% 0.5% 0.5% 0.5% 
Slowing or Stopping 365 335 246 255 370 1,571 3.6% 3.8% 4.0% 4.0% 4.9% 4.0% 
Starting in Traffic 127 108 88 85 77 485 1.1% 1.0% 1.0% 1.1% 1.0% 1.0% 
Starting from Parked 29 32 25 14 20 120 0.3% 0.4% 0.4% 0.3% 0.4% 0.3% 
Backing 85 87 79 79 67 397 1.3% 1.3% 1.5% 1.6% 1.0% 1.3% 
Stopped in Traffic 1,116 1,090 861 749 839 4,655 14.6% 15.0% 14.8% 13.8% 13.3% 14.4% 
Parked 17 14 9 17 17 74 0.3% 0.2% 0.1% 0.4% 0.3% 0.3% 
Changing Lanes 183 170 106 89 160 708 1.3% 1.3% 1.3% 1.1% 1.3% 1.3% 
Avoiding 59 62 24 26 73 244 0.7% 0.6% 0.4% 0.6% 1.0% 0.7% 
Crossover 
Centerline 
16 13 18 17 18 82 0.1% 0.2% 0.3% 0.3% 0.2% 0.2% 
Crossing Road 12 8 8 11 12 51 0.1% 0.1% 0.2% 0.1% 0.2% 0.1% 
Unknown/Other 180 147 127 87 172 713 0.1% 0.0% 0.2% 0.0% 0.1% 0.1% 
Total 9,470 8,882 6,725 6,158 7,296 38,531 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.4 Detailed Work Zone Crash Characteristics – Nebraska  
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Light 
Conditions 
Daylight 527 484 428 342 283 2,064 71.9% 72.8% 72.4% 70.2% 70.4% 71.7% 
Dawn 17 13 12 6 8 56 2.3% 2.0% 2.0% 1.2% 2.0% 1.9% 
Dusk 15 24 11 12 5 67 2.0% 3.6% 1.9% 2.5% 1.2% 2.3% 
Dark: Street Lights On 87 69 71 63 49 339 11.9% 10.4% 12.0% 12.9% 12.2% 11.8% 
Dark: No Street Lights 75 70 66 61 55 327 10.2% 10.5% 11.2% 12.5% 13.7% 11.4% 
Unknown 12 5 3 3 2 25 1.6% 0.8% 0.5% 0.6% 0.5% 0.9% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Weather 
Conditions 
Clear 522 490 403 357 286 2,058 71.2% 73.7% 68.2% 73.3% 71.1% 71.5% 
Cloudy 135 108 123 86 79 531 18.4% 16.2% 20.8% 17.7% 19.7% 18.5% 
Fog, Smog, Smoke 5 1 6 2 4 18 0.7% 0.2% 1.0% 0.4% 1.0% 0.6% 
Rain 30 28 29 15 17 119 4.1% 4.2% 4.9% 3.1% 4.2% 4.1% 
Sleet, Hail, Freezing 
Rain/Drizzle 
13 14 7 3 6 43 1.8% 2.1% 1.2% 0.6% 1.5% 1.5% 
Snow 16 18 16 16 7 73 2.2% 2.7% 2.7% 3.3% 1.7% 2.5% 
Severe Crosswinds 8 2 4 3 2 19 1.1% 0.3% 0.7% 0.6% 0.5% 0.7% 
Unknown 4 4 3 5 1 17 0.5% 0.6% 0.5% 1.0% 0.2% 0.6% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Road 
Surface 
Type 
Concrete 443 418 372 340 261 1,834 60.4% 62.9% 62.9% 69.8% 64.9% 63.7% 
Asphalt 284 242 213 146 137 1,022 38.7% 36.4% 36.0% 30.0% 34.1% 35.5% 
Brick, Gravel, Dirt 3 2 3 1 3 12 0.4% 0.3% 0.5% 0.2% 0.7% 0.4% 
Other 3 3 3 0 1 10 0.4% 0.5% 0.5% 0.0% 0.2% 0.3% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Accident 
Severity 
Fatal 7 6 11 9 8 41 1.0% 0.9% 1.9% 1.8% 2.0% 1.4% 
Injury 323 257 242 203 158 1,183 44.1% 38.6% 40.9% 41.7% 39.3% 41.1% 
Property Damage Only 403 402 338 275 236 1,654 55.0% 60.5% 57.2% 56.5% 58.7% 57.5% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.4 Detailed Work Zone Crash Characteristics – Nebraska (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Road Surface 
Condition 
Dry 610 537 477 390 332 2,346 83.2% 80.8% 80.7% 80.1% 82.6% 81.5% 
Wet 69 73 69 49 39 299 9.4% 11.0% 11.7% 10.1% 9.7% 10.4% 
Snow, Slush 16 21 19 20 7 83 2.2% 3.2% 3.2% 4.1% 1.7% 2.9% 
Ice 25 23 12 18 16 94 3.4% 3.5% 2.0% 3.7% 4.0% 3.3% 
Unknown/Other 13 11 14 10 8 56 1.8% 1.7% 2.4% 2.0% 2.0% 1.9% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Road 
Character 
Not Stated 3 1 2 0 2 8 0.4% 0.2% 0.3% 0.0% 0.5% 0.3% 
Straight and Level 465 446 345 309 252 1,817 63.4% 67.1% 58.4% 63.4% 62.7% 63.1% 
Straight and on slope  172 141 145 93 65 616 23.5% 21.2% 24.5% 19.1% 16.2% 21.4% 
Straight and on Hilltop  17 7 11 8 11 54 2.3% 1.1% 1.9% 1.6% 2.7% 1.9% 
Curved and Level  40 41 50 46 40 217 5.5% 6.2% 8.5% 9.4% 10.0% 7.5% 
Curved and on slope  34 29 34 27 30 154 4.6% 4.4% 5.8% 5.5% 7.5% 5.4% 
Curved and on Hilltop  2 0 4 4 2 12 0.3% 0.0% 0.7% 0.8% 0.5% 0.4% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Alcohol 
Related 
No 700 642 564 457 376 2,739 95.5% 96.5% 95.4% 93.8% 93.5% 95.2% 
Yes  33 23 27 30 26 139 4.5% 3.5% 4.6% 6.2% 6.5% 4.8% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Manner of 
Collision 
Head On 5 1 2 6 0 14 0.7% 0.2% 0.3% 1.2% 0.0% 0.5% 
Rear End  329 285 226 164 141 1,145 44.9% 42.9% 38.2% 33.7% 35.2% 39.8% 
Angle-Side Impact 106 77 80 65 52 380 14.5% 11.6% 13.5% 13.3% 13.0% 13.2% 
Sideswipe: Opposite 
Direction 
6 12 12 8 3 41 0.8% 1.8% 2.0% 1.6% 0.7% 1.4% 
Sideswipe: Same 
Direction 
57 78 65 68 44 312 7.8% 11.7% 11.0% 14.0% 11.0% 10.8% 
Backed Into 9 6 5 2 1 23 1.2% 0.9% 0.8% 0.4% 0.2% 0.8% 
No Collision with Other 
Vehicle 
181 184 150 143 140 798 24.7% 27.7% 25.4% 29.4% 34.9% 27.7% 
Unknown/Other 40 22 51 31 21 165 5.5% 3.3% 8.6% 6.4% 5.0% 5.7% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 110 
Table A.4 Detailed Work Zone Crash Characteristics – Nebraska (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Accident 
Class 
Animal 17 28 28 17 21 111 2.3% 4.2% 4.7% 3.5% 5.2% 3.9% 
Motor Vehicle in 
Transport 
552 481 441 344 261 2,079 75.3% 72.3% 74.6% 70.6% 64.9% 72.2% 
Overturn/Rollover 44 41 38 34 30 187 6.0% 6.2% 6.4% 7.0% 7.5% 6.5% 
Median Barrier 15 19 12 22 20 88 2.0% 2.9% 2.0% 4.5% 5.0% 3.1% 
Highway Traffic Sign Post 11 11 10 6 6 44 1.5% 1.7% 1.7% 1.2% 1.5% 1.5% 
Work Zone Maintenance 
Equipment 
9 7 8 3 7 34 1.2% 1.1% 1.4% 0.6% 1.7% 1.2% 
Parked Motor Vehicle 6 6 4 7 6 29 0.8% 0.9% 0.7% 1.4% 1.5% 1.0% 
Unknown/Other 79 72 50 54 51 306 10.8% 10.8% 8.5% 11.1% 12.7% 10.6% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Work 
Zone 
Location 
Not Applicable 7 3 1 2 5 18 1.0% 0.5% 0.2% 0.4% 1.2% 0.6% 
Before the First Work 
Zone Warning Sign 27 28 21 21 15 112 3.7% 4.2% 3.6% 4.3% 3.7% 3.9% 
Advance Warning Area  133 112 75 58 40 418 18.1% 16.8% 12.7% 11.9% 10.0% 14.5% 
Transition Area  136 105 114 72 86 513 18.6% 15.8% 19.3% 14.8% 21.4% 17.8% 
Activity Area  386 375 345 302 234 1,642 52.7% 56.4% 58.4% 62.0% 58.2% 57.1% 
Termination Area  44 42 35 32 22 175 6.0% 6.3% 5.9% 6.6% 5.5% 6.1% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Type of 
Work 
Zone 
Not Applicable 8 5 0 4 6 23 1.1% 0.8% 0.0% 0.8% 1.5% 0.8% 
Lane Closure 295 216 147 112 92 862 40.2% 32.5% 24.9% 23.0% 22.9% 30.0% 
Lane Shift/Crossover 115 129 114 107 75 540 15.7% 19.4% 19.3% 22.0% 18.7% 18.8% 
Work on Shoulder or 
Median 
131 145 146 104 104 630 17.9% 21.8% 24.7% 21.4% 25.9% 21.9% 
Intermittent or Moving 
Work 
86 78 89 73 58 384 11.7% 11.7% 15.1% 15.0% 14.4% 13.3% 
Other 98 92 95 87 67 439 13.4% 13.8% 16.1% 17.9% 16.7% 15.3% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.4 Detailed Work Zone Crash Characteristics – Nebraska (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total 
% 
Environmental 
Contributing 
Circumstances 
None 611 542 473 393 313 2,332 83.4% 81.5% 80.0% 80.7% 77.9% 81.0% 
Weather Conditions 65 61 60 39 34 259 8.9% 9.2% 10.2% 8.0% 8.5% 9.0% 
Vision Obstruction 5 5 8 11 4 33 0.7% 0.8% 1.4% 2.3% 1.0% 1.1% 
Glare 2 6 5 5 6 24 0.3% 0.9% 0.8% 1.0% 1.5% 0.8% 
Animal in Roadway 17 26 27 15 20 105 2.3% 3.9% 4.6% 3.1% 5.0% 3.6% 
Other 15 14 10 11 13 63 2.0% 2.1% 1.7% 2.3% 3.2% 2.2% 
Unknown 18 11 8 13 12 62 2.5% 1.7% 1.4% 2.7% 3.0% 2.2% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Road 
Contributing 
Circumstances 
None 370 389 334 311 229 1,633 50.5% 58.5% 56.5% 63.9% 57.0% 56.7% 
Road Surface Condition 60 55 54 48 41 258 8.2% 8.3% 9.1% 9.9% 10.2% 9.0% 
Debris 4 6 0 1 2 13 0.5% 0.9% 0.0% 0.2% 0.5% 0.5% 
Rut, Holes, Bumps 2 6 1 1 0 10 0.3% 0.9% 0.2% 0.2% 0.0% 0.3% 
Work Zone 253 174 179 108 108 822 34.5% 26.2% 30.3% 22.2% 26.9% 28.6% 
Worn, Travel-Polished 
Surface 
0 0 0 0 1 1 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 
Obstruction in Roadway 5 11 11 6 4 37 0.7% 1.7% 1.9% 1.2% 1.0% 1.3% 
Traffic Control Device 
Inoperative, Missing, or 
Obscured 
2 3 0 2 0 7 0.3% 0.5% 0.0% 0.4% 0.0% 0.2% 
Shoulders 6 3 2 1 6 18 0.8% 0.5% 0.3% 0.2% 1.5% 0.6% 
Non-Highway Work 2 3 0 0 3 8 0.3% 0.5% 0.0% 0.0% 0.7% 0.3% 
Other 2 4 0 2 5 13 0.3% 0.6% 0.0% 0.4% 1.2% 0.5% 
Unknown 27 11 10 7 3 58 3.7% 1.7% 1.7% 1.4% 0.7% 2.0% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.4 Detailed Work Zone Crash Characteristics – Nebraska (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Day of 
Accident  
Sunday 55 58 67 45 32 257 7.5% 8.7% 11.3% 9.2% 8.0% 8.9% 
Monday 92 94 81 69 37 373 12.6% 14.1% 13.7% 14.2% 9.2% 13.0% 
Tuesday 106 116 72 86 44 424 14.5% 17.4% 12.2% 17.7% 10.9% 14.7% 
Wednesday 129 101 107 76 38 451 17.6% 15.2% 18.1% 15.6% 9.5% 15.7% 
Thursday 112 100 99 87 47 445 15.3% 15.0% 16.8% 17.9% 11.7% 15.5% 
Friday 140 115 86 75 58 474 19.1% 17.3% 14.6% 15.4% 14.4% 16.5% 
Saturday 97 81 79 49 30 336 13.2% 12.2% 13.4% 10.1% 7.5% 11.7% 
Unknown 2 0 0 0 116 118 0.3% 0.0% 0.0% 0.0% 28.9% 4.1% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Vehicle 
Maneuver 
Before 
Crash 
Essentially Straight Ahead 780 772 637 565 473 3,227 54.7% 61.3% 57.5% 62.0% 64.4% 59.3% 
Backing 12 10 10 7 4 43 0.8% 0.8% 0.9% 0.8% 0.5% 0.8% 
Changing Lanes 52 37 33 34 20 176 3.6% 2.9% 3.0% 3.7% 2.7% 3.2% 
Overtaking/Passing 25 15 17 7 3 67 1.8% 1.2% 1.5% 0.8% 0.4% 1.2% 
Turning Right 19 21 22 26 13 101 1.3% 1.7% 2.0% 2.9% 1.8% 1.9% 
Turning Left 97 74 112 82 44 409 6.8% 5.9% 10.1% 9.0% 6.0% 7.5% 
Making U-Turn 6 5 6 2 3 22 0.4% 0.4% 0.5% 0.2% 0.4% 0.4% 
Entering Traffic Lane 15 20 21 12 5 73 1.1% 1.6% 1.9% 1.3% 0.7% 1.3% 
Leaving Traffic Lane 11 7 7 3 6 34 0.8% 0.6% 0.6% 0.3% 0.8% 0.6% 
Parked  1 3 0 0 0 4 0.1% 0.2% 0.0% 0.0% 0.0% 0.1% 
Slowing or Stopped in 
Traffic 
353 268 218 152 146 1,137 24.7% 21.3% 19.7% 16.7% 19.9% 20.9% 
Other  9 3 5 3 3 23 0.6% 0.2% 0.5% 0.3% 0.4% 0.4% 
Unknown 47 25 20 18 14 124 3.3% 2.0% 1.8% 2.0% 1.9% 2.3% 
Total 1,427 1,260 1,108 911 734 5,440 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.4 Detailed Work Zone Crash Characteristics – Nebraska (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Crash Type 
Single Vehicle 174 177 148 135 138 772 23.7% 26.6% 25.0% 27.7% 34.3% 26.8% 
Two Vehicles 461 408 382 288 212 1,751 62.9% 61.4% 64.6% 59.1% 52.7% 60.8% 
Multi Vehicles 98 80 61 64 52 355 13.4% 12.0% 10.3% 13.1% 12.9% 12.3% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Speed Limit 
0 - 20 mph 90 68 41 40 17 256 12.3% 10.2% 6.9% 8.2% 4.2% 8.9% 
21 - 30 mph 112 103 44 58 13 330 15.3% 15.5% 7.4% 11.9% 3.2% 11.5% 
31 - 40 mph 122 98 191 104 82 597 16.6% 14.7% 32.3% 21.4% 20.4% 20.7% 
41 - 50 mph 157 124 130 109 64 584 21.4% 18.6% 22.0% 22.4% 15.9% 20.3% 
51 - 60 mph 150 148 112 89 54 553 20.5% 22.3% 19.0% 18.3% 13.4% 19.2% 
61 - 70 mph 22 39 38 76 45 220 3.0% 5.9% 6.4% 15.6% 11.2% 7.6% 
71 - 80 mph 78 85 35 11 11 220 10.6% 12.8% 5.9% 2.3% 2.7% 7.6% 
> 80 mph 0 0 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Unknown 2 0 0 0 116 118 0.3% 0.0% 0.0% 0.0% 28.9% 4.1% 
Total 733 665 591 487 402 2,878 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Driver Age 
Young Age 403 337 265 234 185 1,424 28.2% 26.7% 23.9% 25.7% 25.2% 26.2% 
Middle Age 877 782 729 575 455 3,418 61.5% 62.1% 65.8% 63.1% 62.0% 62.8% 
Old Age 105 114 96 76 67 458 7.4% 9.0% 8.7% 8.3% 9.1% 8.4% 
Unknown 42 27 18 26 27 140 2.9% 2.1% 1.6% 2.9% 3.7% 2.6% 
Total 1,427 1,260 1,108 911 734 5,440 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
                
Driver Gender 
Male 844 765 689 554 447 3,299 59.1% 60.7% 62.2% 60.8% 60.9% 60.6% 
Female 537 465 398 328 257 1,985 37.6% 36.9% 35.9% 36.0% 35.0% 36.5% 
Unknown 46 30 21 29 30 156 3.2% 2.4% 1.9% 3.2% 4.1% 2.9% 
Total 1,427 1,260 1,108 911 734 5,440 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.4 Detailed Work Zone Crash Characteristics – Nebraska (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
Total % 
Driver 
Contributing 
Circumstance 
No Improper Driving 387 302 226 182 140 1,111 49.0% 48.6% 46.1% 43.4% 45.6% 47.1% 
Failed to Yield Right 
of Way 
68 23 40 35 29 195 8.6% 3.7% 8.2% 8.4% 9.4% 7.8% 
Disregarded Traffic 
Signals 
22 22 22 18 7 91 2.8% 3.5% 4.5% 4.3% 2.3% 3.6% 
Exceeded Authorized 
Speed Limit 
8 1 4 1 3 17 1.0% 0.2% 0.8% 0.2% 1.0% 0.7% 
Driving Too Fast for 
Conditions 
30 33 23 12 4 102 3.8% 5.3% 4.7% 2.9% 1.3% 4.1% 
Made Improper Turn 2 2 4 5 1 14 0.3% 0.3% 0.8% 1.2% 0.3% 0.6% 
Wrong Side 1 3 1 5 2 12 0.1% 0.5% 0.2% 1.2% 0.7% 0.5% 
Followed Too Closely 109 80 56 49 45 339 13.8% 12.9% 11.4% 11.7% 14.7% 13.6% 
Failure to Keep in 
Proper Lane 
13 16 10 23 12 74 1.6% 2.6% 2.0% 5.5% 3.6% 3.0% 
Operating Vehicle in 
Erratic  Manner 
35 22 18 10 8 93 4.4% 3.5% 3.7% 2.4% 2.6% 3.7% 
Avoiding Vehicle 21 13 4 3 9 50 2.7% 2.1% 0.8% 0.7% 2.9% 2.0% 
Over Steering 5 5 1 5 7 23 0.6% 0.8% 0.2% 1.2% 2.3% 0.9% 
Visibility Obstructed 2 1 6 4 0 13 0.3% 0.2% 1.2% 1.0% 0.0% 0.5% 
Inattention 54 46 32 26 22 180 6.8% 7.4% 6.5% 6.2% 7.2% 7.2% 
Mobile Phone 
Distraction 
2 0 0 1 0 3 0.3% 0.0% 0.0% 0.2% 0.0% 0.1% 
Distracted Other 2 8 2 5 0 17 0.3% 1.3% 0.4% 1.2% 0.0% 0.7% 
Fatigued or Asleep 6 12 6 8 2 34 0.8% 1.9% 1.2% 1.9% 0.7% 1.4% 
Operating Defective 
Equipment 
1 1 7 3 3 15 0.1% 0.2% 1.4% 0.7% 1.0% 0.6% 
Other Improper 
Action 
9 5 11 6 4 35 1.1% 0.8% 2.2% 1.4% 1.3% 1.4% 
Unknown 12 27 17 18 9 83 1.5% 4.3% 3.5% 4.3% 2.9% 3.3% 
Total 789 622 490 419 307 2,627 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
 
 115 
Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Accident Type 
Impact Attenuator 4 5 9 6 13 37 0.2% 0.3% 0.5% 0.3% 0.6% 0.4% 
Bicycle 9 5 5 7 6 32 0.5% 0.3% 0.3% 0.4% 0.3% 0.4% 
Bridge/Pier/Abutment 9 16 12 5 4 46 0.5% 0.9% 0.7% 0.3% 0.2% 0.5% 
Culvert 3 6 9 6 4 28 0.2% 0.3% 0.5% 0.3% 0.2% 0.3% 
Curb 13 17 9 16 10 65 0.7% 0.9% 0.5% 0.9% 0.5% 0.7% 
Deer 4 8 9 6 6 33 0.2% 0.4% 0.5% 0.3% 0.3% 0.4% 
Ditch 32 27 33 28 29 149 1.7% 1.5% 2.0% 1.6% 1.4% 1.6% 
Embankment 12 15 18 14 13 72 0.7% 0.8% 1.1% 0.8% 0.6% 0.8% 
Fire / Explosion 6 6 3 4 7 26 0.3% 0.3% 0.2% 0.2% 0.3% 0.3% 
Guardrail End 17 28 21 16 17 99 0.9% 1.6% 1.3% 0.9% 0.8% 1.1% 
Immersion, Jackknife, 
Mailbox 
7 4 5 5 2 23 0.4% 0.2% 0.3% 0.3% 0.1% 0.3% 
Lump Light Support 9 3 10 4 3 29 0.5% 0.2% 0.6% 0.2% 0.1% 0.3% 
Median Barrier 40 13 43 53 78 227 2.2% 0.7% 2.6% 3.0% 3.9% 2.5% 
Vehicle in Transit 1,293 1,310 1,120 1,250 1,449 6,422 70.1% 72.8% 68.3% 71.9% 71.6% 71.0% 
Object Not Fixed 82 82 65 80 84 393 4.4% 4.6% 4.0% 4.6% 4.2% 4.3% 
Other Object Fixed 82 82 77 92 116 449 4.4% 4.6% 4.7% 5.3% 5.7% 5.0% 
Other Non-Collision 23 18 22 20 26 109 1.2% 1.0% 1.3% 1.2% 1.3% 1.2% 
Vehicle Traveling 
Other Roadway 
5 7 3 3 1 19 0.3% 0.4% 0.2% 0.2% 0.0% 0.2% 
Overturned Vehicle 45 35 47 38 31 196 2.4% 1.9% 2.9% 2.2% 1.5% 2.2% 
Pedestrian 17 19 12 11 16 75 0.9% 1.1% 0.7% 0.6% 0.8% 0.8% 
Parked Vehicle 56 32 30 28 38 184 3.0% 1.8% 1.8% 1.6% 1.9% 2.0% 
Traffic Sign 24 17 25 13 25 104 1.3% 0.9% 1.5% 0.7% 1.2% 1.1% 
Traffic Signal 23 22 22 16 28 111 1.2% 1.2% 1.3% 0.9% 1.4% 1.2% 
Utility Pole, Train, 
Tree 
29 23 26 17 17 112 1.6% 1.3% 1.6% 1.0% 0.8% 1.2% 
Unknown 1 0 4 0 0 5 0.1% 0.0% 0.2% 0.0% 0.0% 0.1% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Weather 
Conditions 
Blank 9 21 6 5 4 45 0.5% 1.2% 0.4% 0.3% 0.2% 0.5% 
Clear 1,033 1,075 854 1,045 1,081 5,088 56.0% 59.7% 52.1% 60.1% 53.4% 56.3% 
Cloudy 590 545 562 517 680 2,894 32.0% 30.3% 34.3% 29.7% 33.6% 32.0% 
Rain 149 117 155 104 197 722 8.1% 6.5% 9.5% 6.0% 9.7% 8.0% 
Snow 35 23 25 40 21 144 1.9% 1.3% 1.5% 2.3% 1.0% 1.6% 
Fog / Smog / 
Smoke 
10 7 12 2 14 45 0.5% 0.4% 0.7% 0.1% 0.7% 0.5% 
Sleet / Hail 2 3 5 4 7 21 0.1% 0.2% 0.3% 0.2% 0.3% 0.2% 
Blowing Sand / 
Dirt 
2 0 3 5 1 11 0.1% 0.0% 0.2% 0.3% 0.0% 0.1% 
Severe 
Crosswinds 
1 1 4 3 1 10 0.1% 0.1% 0.2% 0.2% 0.0% 0.1% 
Other 1 0 0 0 0 1 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 
Unknown 13 8 13 13 17 64 0.7% 0.4% 0.8% 0.7% 0.8% 0.7% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Accident 
Severity 
Fatal 7 11 18 10 13 59 0.4% 0.6% 1.1% 0.6% 0.6% 0.7% 
Injury 636 639 547 587 650 3,059 34.5% 35.5% 33.4% 33.8% 32.1% 33.8% 
Property Damage 
Only 
1,202 1,150 1,074 1,141 1,360 5,927 65.1% 63.9% 65.5% 65.7% 67.2% 65.5% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Speed Limit 
(mph) 
0 - 20 mph 32 37 27 39 44 179 1.7% 2.1% 1.6% 2.2% 2.2% 2.0% 
20 - 30 mph 289 356 298 255 336 1,534 15.7% 19.8% 18.2% 14.7% 16.6% 17.0% 
30 - 40 mph 392 427 373 523 483 2,198 21.2% 23.7% 22.8% 30.1% 23.9% 24.3% 
40 - 50 mph 223 214 265 355 558 1,615 12.1% 11.9% 16.2% 20.4% 27.6% 17.9% 
50 - 60 mph 743 603 489 461 471 2,767 40.3% 33.5% 29.8% 26.5% 23.3% 30.6% 
60 - 70 mph 128 125 140 73 99 565 6.9% 6.9% 8.5% 4.2% 4.9% 6.2% 
70 - 80 mph 38 38 47 32 32 187 2.1% 2.1% 2.9% 1.8% 1.6% 2.1% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Driver Age 
Young Age 766 775 678 761 847 3,827 23.4% 24.0% 23.7% 24.7% 23.6% 23.9% 
Middle Age 2,060 2,019 1,802 1,911 2,281 10,073 62.8% 62.6% 62.9% 61.9% 63.6% 62.8% 
Old Age 262 272 253 246 272 1,305 8.0% 8.4% 8.8% 8.0% 7.6% 8.1% 
Unknown 191 160 132 169 189 841 5.8% 5.0% 4.6% 5.5% 5.3% 5.2% 
Total 3,279 3,226 2,865 3,087 3,589 16,046 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Alcohol 
Involved 
Yes 114 96 109 116 130 565 6.2% 5.3% 6.7% 6.7% 6.4% 6.2% 
No 1,731 1,704 1,530 1,622 1,893 8,480 93.8% 94.7% 93.3% 93.3% 93.6% 93.8% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Day of 
Accident 
Sunday 175 151 156 135 164 781 9.5% 8.4% 9.5% 7.8% 8.1% 8.6% 
Monday 254 294 268 267 315 1,398 13.8% 16.3% 16.4% 15.4% 15.6% 15.5% 
Tuesday 271 267 238 260 316 1,352 14.7% 14.8% 14.5% 15.0% 15.6% 14.9% 
Wednesday 323 320 262 302 320 1,527 17.5% 17.8% 16.0% 17.4% 15.8% 16.9% 
Thursday 294 295 269 275 338 1,471 15.9% 16.4% 16.4% 15.8% 16.7% 16.3% 
Friday 333 304 268 295 322 1,522 18.0% 16.9% 16.4% 17.0% 15.9% 16.8% 
Saturday 195 169 178 204 248 994 10.6% 9.4% 10.9% 11.7% 12.3% 11.0% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Traffic 
Controls 
None 2,047 1,929 1,694 1,928 2,227 9,825 62.8% 60.2% 59.6% 62.7% 62.4% 61.6% 
Stop Sign 209 238 206 213 174 1,040 6.4% 7.4% 7.3% 6.9% 4.9% 6.5% 
Traffic Control 
Person 
101 102 80 86 75 444 3.1% 3.2% 2.8% 2.8% 2.1% 2.8% 
Traffic Signal 
Operation 
486 542 467 598 749 2,842 14.9% 16.9% 16.4% 19.5% 21.0% 17.8% 
Traffic Signal 
Flashing 
18 14 23 8 23 86 0.6% 0.4% 0.8% 0.3% 0.6% 0.5% 
Warning Sign 138 134 149 101 119 641 4.2% 4.2% 5.2% 3.3% 3.3% 4.0% 
Unknown/Other 202 186 156 112 152 808 6.2% 5.8% 5.5% 3.6% 4.3% 5.1% 
Yield Sign 59 58 66 28 49 260 1.8% 1.8% 2.3% 0.9% 1.4% 1.6% 
Total 3,260 3,203 2,841 3,074 3,568 15,946 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Vehicle 
Maneuver 
Backing Up 72 64 67 66 75 344 2.2% 2.0% 2.3% 2.1% 2.1% 2.1% 
Blank 35 43 28 20 14 140 1.1% 1.3% 1.0% 0.6% 0.4% 0.9% 
Changing Lanes 128 120 100 99 138 585 3.9% 3.7% 3.5% 3.2% 3.8% 3.6% 
Going Straight 1,457 1,553 1,356 1,502 1,658 7,526 44.4% 48.1% 47.3% 48.7% 46.2% 46.9% 
Legally Parked 76 56 46 57 51 286 2.3% 1.7% 1.6% 1.8% 1.4% 1.8% 
Making Left Turn 207 290 240 228 260 1,225 6.3% 9.0% 8.4% 7.4% 7.2% 7.6% 
Merging into 
Traffic 
98 63 69 51 105 386 3.0% 2.0% 2.4% 1.7% 2.9% 2.4% 
Negotiating Curve 46 53 76 71 72 318 1.4% 1.6% 2.7% 2.3% 2.0% 2.0% 
No Pass Zone, 
Illegally Parked 
10 6 7 6 9 38 0.3% 0.2% 0.2% 0.2% 0.3% 0.2% 
Other 61 62 37 51 51 262 1.9% 1.9% 1.3% 1.7% 1.4% 1.6% 
Overtaking on the 
Left 
19 25 21 16 17 98 0.6% 0.8% 0.7% 0.5% 0.5% 0.6% 
Overtaking on 
Right 
16 16 7 8 13 60 0.5% 0.5% 0.2% 0.3% 0.4% 0.4% 
Parking Maneuver 2 4 3 0 0 9 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 
Right Turn 100 112 118 98 133 561 3.0% 3.5% 4.1% 3.2% 3.7% 3.5% 
Slowing or 
Stopped 
570 453 400 480 651 2,554 17.4% 14.0% 14.0% 15.5% 18.1% 15.9% 
Stopped in Traffic 371 295 277 323 330 1,596 11.3% 9.1% 9.7% 10.5% 9.2% 9.9% 
U turn 11 11 13 11 12 58 0.3% 0.3% 0.5% 0.4% 0.3% 0.4% 
Total 3,279 3,226 2,865 3,087 3,589 16,046 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Accident 
Location 
Intersection 
Related 
584 703 585 633 713 3,218 31.7% 39.1% 35.7% 36.4% 35.2% 35.6% 
Non-Intersection 
Related 
1,261 1,097 1,054 1,105 1,310 5,827 68.3% 60.9% 64.3% 63.6% 64.8% 64.4% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Contributing 
Circumstance 
Driver Condition 34 33 33 32 41 173 1.5% 1.5% 1.6% 1.5% 1.7% 1.6% 
Disregarded 
Traffic Control 
58 81 47 69 85 340 2.6% 3.6% 2.3% 3.3% 3.5% 3.1% 
Following Too 
Close 
271 238 211 243 302 1,265 12.1% 10.7% 10.5% 11.6% 12.6% 11.5% 
Failure to Yield 294 323 286 253 330 1,486 13.1% 14.5% 14.2% 12.1% 13.8% 13.5% 
Failure to Keep 
Vehicle under 
Control 
162 124 117 194 226 823 7.2% 5.6% 5.8% 9.3% 9.4% 7.5% 
Inattentive Driving 402 402 359 393 405 1,961 17.9% 18.1% 17.8% 18.8% 16.9% 17.9% 
Improper Overtake 33 29 20 21 27 130 1.5% 1.3% 1.0% 1.0% 1.1% 1.2% 
Improper Turn 39 45 50 46 43 223 1.7% 2.0% 2.5% 2.2% 1.8% 2.0% 
Left of Center 9 18 16 16 14 73 0.4% 0.8% 0.8% 0.8% 0.6% 0.7% 
Other 120 112 101 109 139 581 5.3% 5.0% 5.0% 5.2% 5.8% 5.3% 
Exceed Speed 
Limit 
42 49 56 36 63 246 1.9% 2.2% 2.8% 1.7% 2.6% 2.2% 
Too Fast for 
Conditions 
200 161 190 156 167 874 8.9% 7.2% 9.4% 7.5% 7.0% 8.0% 
Blank 536 565 490 484 503 2,578 23.9% 25.4% 24.3% 23.1% 21.0% 23.5% 
Unsafe Backing 47 47 42 39 54 229 2.1% 2.1% 2.1% 1.9% 2.3% 2.1% 
Total 2,247 2,227 2,018 2,091 2,399 10,982 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Light 
Conditions 
Day 1,392 1,374 1,241 1,277 1,469 6,753 75.4% 76.3% 75.7% 73.5% 72.6% 74.7% 
Dark 165 169 180 149 161 824 8.9% 9.4% 11.0% 8.6% 8.0% 9.1% 
Dusk 29 33 22 29 37 150 1.6% 1.8% 1.3% 1.7% 1.8% 1.7% 
Dawn 25 28 22 20 23 118 1.4% 1.6% 1.3% 1.2% 1.1% 1.3% 
Unknown 8 7 7 11 10 43 0.4% 0.4% 0.4% 0.6% 0.5% 0.5% 
Nighttime – with 
Street Lights 
226 189 167 252 323 1,157 12.2% 10.5% 10.2% 14.5% 16.0% 12.8% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Collision Type 
Angle 307 369 301 315 360 1,652 16.6% 20.5% 18.4% 18.1% 17.8% 18.3% 
Head-On Collision 20 30 27 22 27 126 1.1% 1.7% 1.6% 1.3% 1.3% 1.4% 
No Collision with 
Another Vehicle 
488 451 481 462 523 2,405 26.4% 25.1% 29.3% 26.6% 25.9% 26.6% 
Rear End 755 674 620 710 788 3,547 40.9% 37.4% 37.8% 40.9% 39.0% 39.2% 
Sideswipe/Opposite 
Direction 
25 34 27 27 31 144 1.4% 1.9% 1.6% 1.6% 1.5% 1.6% 
Sideswipe/Same 
Direction 
219 218 177 190 279 1,083 11.9% 12.1% 10.8% 10.9% 13.8% 12.0% 
Unknown 31 24 6 12 15 88 1.7% 1.3% 0.4% 0.7% 0.7% 1.0% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Road 
Condition 
Dry 1,504 1,517 1,326 1,430 1,620 7,397 81.5% 84.3% 80.9% 82.3% 80.1% 81.8% 
Ice 12 12 14 5 6 49 0.7% 0.7% 0.9% 0.3% 0.3% 0.5% 
Mud 42 31 37 36 59 205 2.3% 1.7% 2.3% 2.1% 2.9% 2.3% 
Unknown 27 26 29 30 32 144 1.5% 1.4% 1.8% 1.7% 1.6% 1.6% 
Snow 32 19 24 51 18 144 1.7% 1.1% 1.5% 2.9% 0.9% 1.6% 
Wet 228 195 209 186 288 1,106 12.4% 10.8% 12.8% 10.7% 14.2% 12.2% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
              
Crash Type 
Single Vehicle 439 404 436 411 484 2,174 23.8% 22.4% 26.6% 23.6% 23.9% 24.0% 
Two Vehicles 1,195 1,216 1,027 1,114 1,303 5,855 64.8% 67.6% 62.7% 64.1% 64.4% 64.7% 
Multiple Vehicle 211 180 176 213 236 1,016 11.4% 10.0% 10.7% 12.3% 11.7% 11.2% 
Total 1,845 1,800 1,639 1,738 2,023 9,045 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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Table A.5 Detailed Work Zone Crash Characteristics – Wisconsin (Contd..) 
Category Condition 
2002 
Count 
2003 
Count 
2004 
Count 
2005 
Count 
2006 
Count 
Total 
% in 
2002 
% in 
2003 
% in 
2004 
% in 
2005 
% in 
2006 
% in 
Total 
Vehicle Type 
Snowmobile / ATV 3 1 0 0 1 5 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 
Bicycle 11 9 5 10 8 43 0.3% 0.3% 0.2% 0.3% 0.2% 0.3% 
Blank 117 118 108 79 98 520 3.6% 3.7% 3.8% 2.6% 2.7% 3.2% 
Bus 20 19 9 13 16 77 0.6% 0.6% 0.3% 0.4% 0.4% 0.5% 
Passenger Car 2,232 2,200 1,953 2,232 2,603 11,220 68.1% 68.2% 68.2% 72.3% 72.5% 69.9% 
Emergency Vehicle 3 3 2 3 4 15 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 
Motorcycle, Moped 36 55 47 39 44 221 1.1% 1.7% 1.6% 1.3% 1.2% 1.4% 
Motor Home 3 5 6 0 0 14 0.1% 0.2% 0.2% 0.0% 0.0% 0.1% 
Miscellaneous 8 5 5 5 6 29 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 
Railway Train 2 0 0 1 3 6 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 
Straight Truck 180 168 161 143 165 817 5.5% 5.2% 5.6% 4.6% 4.6% 5.1% 
Utility Truck 461 428 392 407 427 2,115 14.1% 13.3% 13.7% 13.2% 11.9% 13.2% 
Truck Tractor 
(Semi-Attached) 
203 215 177 155 214 964 6.2% 6.7% 6.2% 5.0% 6.0% 6.0% 
Total 3,279 3,226 2,865 3,087 3,589 16,046 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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APPENDIX B - CRASH REPORT SAMPLE FORMS 
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IOWA SAMPLE CRASH REPORT FORM 
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IOWA SAMPLE CRASH REPORT FORM 
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KANSAS SAMPLE CRASH REPORT FORM 
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KANSAS SAMPLE CRASH REPORT FORM 
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MISSOURI SAMPLE CRASH REPORT FORM 
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MISSOURI SAMPLE CRASH REPORT FORM 
 137 
 
 
 
 
 
MISSOURI SAMPLE CRASH REPORT FORM 
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MISSOURI SAMPLE CRASH REPORT FORM 
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NEBRASKA SAMPLE CRASH REPORT FORM 
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NEBRASKA SAMPLE CRASH REPORT FORM 
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NEBRASKA SAMPLE CRASH REPORT FORM 
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WISCONSIN SAMPLE CRASH REPORT FORM  
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WISCONSIN SAMPLE CRASH REPORT FORM  
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WISCONSIN SAMPLE CRASH REPORT FORM  
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WISCONSIN SAMPLE CRASH REPORT FORM  
